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craft  Division,  Hawthorne,  California  under  Project  No.  268-9,  Manufacturing 
Methods  for  Process  Effects  on  Aluminum  Casting  Allowables.  The  program  was 
administered  under  the  technical  direction  of  Mr.  Kenneth  L.  Kojola,  Metals 
Branch,  Manufacturing  Technology  Division,  Materials  Laboratory,  Air  Force 
Wright  Aeronautical  Laboratories,  Air  Force  Systems  Command,  Wright-Patterson 
Air  Force  Base,  Ohio  45433. 

Northrop' s  Metallic  Materials  Research  and  Advanced  Manufacturing  Tech¬ 
nology  Department,  performed  the  work.  Mr.  Kermit  0.  Oswalt  was  the  Program 
Manager,  Dr.  Yuli  Li  1  and  Mr.  Charles  Ford  were  the  Principal  Investigators. 

The  program  manager  wishes  to  acknowledge  Messrs  Jud  Her  and  Larry 
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Magnesium  Alloy  Products,  Gardena,  California;  Morris  Bean  and  Company, 
Yellow  Springs,  Ohio;  and  Smithford  products,  Ontario,  California. 


This  report  covers  work  conducted  from  April  1980  to  July  1984. 
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SUMMARY 


1 .  SUMMARY 

a.  Foundry  Manufacturing  Technology  and  User  Documentation 

A  comprehensive  survey  of  airframe  manufacturers  and  their  premium  quality 
casting  suppliers  was  made  to  establish  the  status  of  foundry  manufacturing 

*»3 

technology  and^jthe  need  for  design  documentation.  It  was  determined  that: 

1.  Foundry  manufacturing  capability  varies  considerably  within  the  indus¬ 
try  because  of  the  technology,  equipment  and  interest  of  the  foundry. 

2.  The  manufacturing  process  variables  which  are  involved  in  the  manufac¬ 
ture  of  premium  quality  aluminum  castings  have  been  identified;  how¬ 
ever,  the  significance  of  each  variable  on  casting  properties  must  be 
determined  to  advance  the  state  of  the  foundries  manufacturing  tech¬ 
nology  and  assure  the  integrity  for  structural  Aircraft  components. 

3.  Inspection  techniques  and  criteria  are  needed  to  identify  the  signif¬ 
icant  characteristics  of  a  material  of  acceptable  properties. 

4.  The  following  information  is  needed  to  expand  the  use  of  premium  qual¬ 
ity  aluminum  castings  into  structural  airframe  components: 

(a)  MIL-HDBK-5  design  properties  supported  by  proven  quality  assurance 
provisions  of  the  material  specification 

(b)  Clarification  of  the  casting  factor  requirements  of  military  and 
company  documents  to  permit  castings  to  be  designed  in  a  manner 
similar  to  wrought  materials 

(c)  Data  for  damage  tolerance  designs. 


b.  Effect  of  Manufacturing  Process  Variables 


The  effect  of  the  manufacturing  process  variables  of  shell  investment  and 
sand  composite  production  methods  on  the  tensile  properties  of  alloys  A356, 
A357,  and  A201  was  demonstrated. 

It  was  shown  that  the  major  variables  of  the  manufacturing  process  which 
must  be  controlled  to  optimize  the  tensile  properties  of  castings  of  all  three 
alloys  produced  by  both  molding  processes  were  alloy  and  impurity  content  of 
the  melt  composition,  radiographic  quality  and  coarseness  of  casting  micro- 
structure,  and  variations  of  the  heat  treat  process.  Each  variable  is  capable 
of  independently  causing  significant  degradation  to  prevent  optimization  of 
casting  tensile  properties  unless  controlled  to  within  tighter  limits  of 
acceptability  then  currently  specified  in  procurement  specifications. 

c.  Procurement  Specification 

Material  specifications  were  developed  for  the  procurement  of  A201-T7 
and  A357-T6  structural  aircraft  castings.  The  acceptance  criteria  were  based 
on  a  comprehensive  evaluation  of  the  effect  of  manufacturing  process  variables 
on  tensile  properties  of  castings.  Quality  acceptance  procedures  were  genera¬ 
ted  which  verify  the  effectiveness  of  the  foundry  process  controls.  These 
procedures  were  incorporated  in  the  specifications  as  acceptance  inspection 
test  procedures. 

d.  Quality  Assurance  Acceptance  Testing  Methods 

Acceptance  testing  procedures  were  developed  to  ensure  consistency  and 
reliability  of  the  material  accepted  for  flight  critical  structures.  These 
procedures  vary  from  those  currently  used  in  military  or  other  material  speci¬ 
fications.  The  effects  of  variations  in  the  manufacturing  process  were  found 
to  be  related  to  the  radiographic  quality,  heat  treat  response,  and  micro¬ 
structure  of  the  casting. 
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e.  Design  Property  Data 


Castings,  produced  by  two  foundries,  employing  a  minimum  of  10  melts 
and  4  heat  treat  lots,  were  poured  in  each  alloy  and  evaluated  to  develop 
statistical  design  properties  in  accordance  with  the  guidelines  of  MIL-HDBK-5. 
Design  property  values  of  the  A357-T6  cast  material  were  established  on  a 
statistical  A  and  B  property  basis.  The  A  property  values  were  50.6  ksi  UTS 
and  42.1  ksi  YS.  The  B  values  were  52.2  ksi  UTS  and  43.7  ksi  YS.  The  casting 
properties  of  A201-T7  cast  material  varied  in  a  non-normal  manner  above  the 
minimum  requirements  and,  therefore,  only  specification(s)  values  could  be 
determined.  These  were  60  ksi  UTS  and  50  ksi  YS.  Strength  ratios  for  design 
properties  of  compression,  shear,  and  bearing  were  also  determined  for  each 
alloy.  This  information  was  used  to  prepare  a  design  property  table  for  each 
al loy. 

f.  Fatigue  Properties 

The  notched  fatigue  endurance  limit  of  A357-T6  and  A201-T7  was  shown 
to  be  approximately  13  ksi  and  9  ksi  respectively;  however,  additional  testing 
is  needed  to  establish  the  endurance  limits  with  confidence. 

g.  Fracture  Toughness 

The  fracture  toughness  results  were  invalid  for  Kic  values;  how¬ 
ever,  Kg  values  varied  from  25.4  to  26.7  ksi  in. 1/2  for  A357-T6  material 
and  23.3  to  33.2  ksi  in. 1/2  for  A201-T7  material. 

h.  Fatigue  Crack  Growth  Properties 

The  crack  growth  behavior  of  A357-T6  material  was  similar  to  alloy 
7075-T7351  and  the  A201-T7  material  was  judged  similar  to  alloy  2124-T851. 

i.  Weld  Improvement  Properties 

Cast  A357-T6  and  A201-T7  material  which  had  been  welded  to  a  depth  of 
50  percent  of  the  wall  thickness  were  reheat  treated  and  tested  for  notched 
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fatigue,  fracture  toughness,  and  tensile  properties.  In  comparison  with  the 
properties  of  parent  material,  the  tensile  properties  of  the  welded  material 
of  both  A357-T6  and  A201-T7  were  very  similar,  the  notched  fatigue  and  frac¬ 
ture  toughness  of  the  welded  A201-T7  were  better  than  the  parent  material;  the 
fatigue  properties  from  welded  A357-T6  material  showed  a  slight  degradation  in 
comparison  with  those  of  parent  material  after  500,000  cycles,  and  the  frac¬ 
ture  toughness  properties  of  welded  A357-T6  were  similar  to  the  toughness  of 
the  parent  material . 

j.  Effect  of  Radiographic  Flaws 

Cast  material  of  A357-T6  and  A201-T7  containing  C-D  grade  radiograph¬ 
ic  quality  per  MIL-C-6021  were  evaluated.  Tensile  and  notched  fatigue  proper¬ 
ties  of  A357-T6  material  were  reduced  due  to  shrinkage  and  porosity  however, 
sponge  shrinkage  at  a  similar  quality  level  did  not  affect  the  fracture 
toughness.  Grade  D  gas  porosity  reduced  the  tensile  and  notched  fatigue 
properties  and  to  a  lesser  degree  also  reduced  fracture  toughness  of  A201-T7 
material . 

k.  Cost  Analysis 

Castings  of  various  complexity  and  configurations  were  analyzed  for 
the  most  economical  method  of  production.  Cast  shapes  were  found  to  be  most 
economical  in  more  complex  configurations  while  other  production  methods  were 
cost-effective  for  simple  configurations. 


SECTION  I 
INTRODUCTION 


1.  BACKGROUND 

Although  the  manufacturing  technology  for  producing  premium  quality 
castings  has  been  known  for  more  than  20  years,  general  acceptance  and  use 
of  this  cost-saving  technology  by  the  aerospace  industry  has  been  extremely 
limited.  There  are  two  reasons  for  this  reluctance:  (1)  the  use  of  casting 
design  factors  results  in  excessive  and  costly  weight  penalties  and  (2) 
aerospace  users  have  had  a  low  level  of  confidence  in  the  foundry's  ability 
to  consistently  manufacture  acceptable  castings.  This  program  is  based  on 
the  premise  that  castings  produced  to  predetermined  quality  criteria  exhibit 
a  predictable  tensile  property  capability.  The  properties  of  the  casting  are 
controlled  by  the  foundry  manufacturing  process  which  determines  the  metal¬ 
lurgical  quality  of  the  material.  Once  the  effect  of  the  manufacturing 
process  variables  are  known  and  related  to  the  metallurgical  quality  of  the 
material  ,  the  casting  properties  will  not  change  unless  there  is  a  change  in 
the  quality  of  the  material. 

The  lack  of  adequate  controls  by  both  foundry  and  user  has  been  an 
inherent  problem  in  the  production  and  use  of  premium  quality  castings. 
This  has  resulted  in  numerous  situations  where  the  user  and  the  producer 
not  agree  on  the  metallurgical  acceptance  criteria.  This  situation  has 
evolved  from  both  an  inadequate  understanding  of  the  manufacturing  parameters 
and  process  control  variables  affecting  mechanical  properties,  and  a  lack  of 
an  accepted  industry  approach.  Needed  are  specific  control  and  acceptance 
procedures  to  ensure  consistent  quality  castings  with  reliable  mechanical 
properties. 

""^The  purpose  of  this  program  was  to  identify  processing  variables  that 
affect  casting  properties,  to  establish  design  property  values,  and  to 
demonstrate  nondestructive  inspection  techniques  that  could  reliably  predict 
and  correlate  with  the  casting  component  properties.  This  information  is 
needed  to  extend  the  use  of  cast  structures  in  airframe  designs  and  to  reduce.^- 


the  manufacturing  cost  of  aircraft.  The  cost-reduction  benefit  generally 
increases  proportionally  with  the  part  size  and  complexity. 

2.  OBJECTIVE 

The  general  objective  of  this  program  was  to  establish  the  relationship 
between  allowable  design  properties  and  manufacturing  processes  used  to 
produce  premium  quality  aluminum  castings  for  primary  aircraft  structure. 
Specific  program  objectives  were: 

1.  Establish  realistic  minimum  design  properties  at  a  confidence  level 
level  that  would  encourage  the  use  of  aluminum  castings  for  flight- 
critical  structure 

2.  Demonstrate  process  controls  and  quality  assurance  techniques  that 
would  eliminate  the  need  for  casting  factors 

3.  Define  methodology  from  design  concept  through  casting  acceptance 

4.  Develop  MIL-HDBK-5  casting  design-allowable  data 

5.  Demonstrate  cost-effectiveness  of  aluminum  castings  for  aircraft 
structures. 

3.  PROGRAM  APPROACH 

The  program  was  accomplished  in  two  phases.  In  Phase  I,  a  survey  of 
airframe  and  casting  manufacturers  was  made  to  understand  the  industry  needs 
necessary  to  expand  the  use  of  cast  structures.  An  evaluation  of  foundry  pro¬ 
cessing  was  performed  to  identify  those  variables  that  must  be  controlled  to 
optimize  casting  properties.  In  Phase  II,  NDI  and  process  control  procedures 
were  correlated  with  the  significant  process  variables  to  define  a  structural 
quality  airframe  casting  procurement  specification.  Test  castings  procured 
to  this  specification  were  used  to  develop  reliable  design  data  for  the 
manufacture  of  aircraft  structures  at  lower  cost. 


4.  MAJOR  PROGRAM  ACCOMPLISHMENTS 


The  major  program  accomplishments  were  as  follows: 

1.  Demonstrated  the  effect  of  procL^sing  variables  for  shell  investment 
and  sand  composite  production  methods  on  the  mechanical  properties  of 
A356-T6,  A357-T6  and  A201-T7  cast  materials. 

2.  Generated  two  material  specifications  for  aircraft  structural  casting 
procurement  with  defined  quality  controls  and  optimum  mechanical  prop¬ 
erties  and  one  process  specification  for  measuring  DAS. 

3.  Developed  design  allowable  data  for  MIL-HDBK-5. 

4.  Determined  fracture  toughness,  fatigue  and  crack-growth  information, 
and  demonstrated  the  effect  of  repair  welding  and  radiographic 
unsoundness  on  toughness  and  fatigue  properties. 

5.  Developed  NDI  procedures  and  acceptance  criteria  to  assure  property 
reliability  and  consistency. 

6.  Demonstrated  cost-effectiveness  of  cast  structures. 


SECTION  II 


CURRENT  TECHNOLOGY  AND  UTILIZATION  BASE 


1.  INTRODUCTION 

A  comprehensive  survey  was  made  of  airframe  manufacturers  and  their  pre¬ 
mium  quality  aluminum  casting  suppliers.  A  total  of  18  foundries  producing 
castings  to  the  requirements  of  military  specification  MIL-A-21180,  "Aluminum- 
Alloy  Castings,  High  Strength"  for  the  aerospace  industry  were  surveyed.  A 
1  isting  of  the  foundries  is  shown  In  the  Appendix  A.  Seven  of  the  foundries 
used  the  shell  investment  process  and  eleven  foundries  produced  aerospace 
castings  by  the  sand  composite  molding  process.  Thirteen  airframe  manufactur¬ 
ers  were  surveyed.  These  were  Boeing  (Wichita  and  Seattle),  Fairchild, 
General  Dynamics,  Grunman  Aerospace,  Lockheed  (California  and  Georgia),  LTV, 
McDonnel 1-Douglas  (Long  Beach  and  St.  Louis),  Northrop,  Bell  Helicopter,  and 
Hughes  Hel icopter. 

The  responses  obtained  from  these  surveys  are  summarized  in  Appendices 
A  and  B. 

2.  FOUNDRY  PRODUCTION  METHODS 

The  airframe  industry  primarily  uses  aluminum  castings  which  are  produc¬ 
ed  by  the  shell  investment  or  the  sand  composite  molding  processes.  The  sur¬ 
vey  was  therefore  limited  to  foundries  employing  these  processes  for  the 
production  of  airframe  MIL-A-21180  type  castings. 

The  shell  investment  and  sand  composite  molding  techniques  are  well  known 
and  described  in  published  literature.  These  molding  techniques  can  be  used 
to  produce  castings  of  various  strength  levels,  except  that  each  technique  has 
an  upper  limit  that  is  practical  to  obtain  in  a  specific  casting  configura¬ 
tion.  The  dimensional  quality  in  general  is  better  in  castings  produced  in 
investment  molds  than  in  sand  composite  molds.  However,  the  strength  of  sand 
composite  molded  castings  is  generally  superior  to  those  produced  in  shell 
investment  molds. 


Complex,  high  quality  castings  are  always  more  difficult  to  produce  to 
minimum  tolerance  requirements  than  simpler  configurations  of  lower  quality. 

a.  Critical  Metallurgical  Variables 

The  critical  metallurgical  variables  which  must  be  controlled  in  order 
to  produce  premium  quality  castings  have  been  documented  in  numerous  papers. 
Many  of  these  are  included  in  the  bibliography  of  this  report.  The  success 
of  obtaining  premium  quality  is  determined  by  the  capability  of  the  foundry 
to  control  processing.  The  critical  metallurgical  variables  which  are 
controlled  by  foundry  processing  are: 

1.  Chemistry 

2.  Solidification  rate 

3.  Soundness 

4.  Heat  treatment 

The  importance  of  specific  processing  factors  changes  with  the  alloy, 
and  with  the  strength  and  quality  level  desired.  In  this  portion  of  the 
program,  the  process  control  employed  by  the  foundry  to  optimize  the  strength 
properties  of  each  alloy  and  process  was  reviewed. 

b.  Process  Control  Equipment  Type  and  Tests 

The  type  of  testing  used  by  the  foundries  surveyed  to  maintain 
process  control  was  as  follows: 


TEST 

PROCESS 

Sand  Composite  Investment 

Melting 

Spectographic 

X 

X 

Vacuum  test 

X 

X 

Temperature 

X 

X 

Pouring  temperature 

Pyrometer 

X 

X 
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TEST 


PROCESS 

Sand  Composite  Investment 


Soundness 


As-cast  x-ray 

X 

X 

As-cast  penetrant 

X 

X 

Heat  Treatment 

Hardness 

X 

X 

Conductivity* 

X 

Sep.  cast  T/B** 

X 

X 

Attached  T/B 

X 

*** 

Gated  T/B 

X 

Excised  T/B 

X 

NOTES:  *  For  A201  only 

**  T/B  -  test  bar 

***  May  be  prolongation 

The  purpose  and  type  of  equipment  used  for  each  molding  process  was  as 
follows: 


Used  By 


Equipment 

Purpose 

Sand  Composite 

Investment 

Spectrograph 

Melt  chemistry 

X 

X 

Gas  detector 

Melt  gas  content 

X 

X 

Pyrometer 

Melt  temperature 

X 

X 

X-ray 

As-cast  quality 

X 

X 

Penetrant 

As-cast  quality 

X 

X 

Tensile 

H.T.*  control 

X 

X 

Hardness 

H.T.  control 

X 

X 

Metal lograph 

Resolve  problems 
(grain  size.  DAS,  etc.) 

X 

X 

Camera 

Document  molding 

X 

X 

NOTE:  *H.T.  =  Heat  treat 
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c.  Process  Documentation 

Manufacturing  variables  which  were  documented  for  control  were  as 
follows: 


Investment 

P/N  G 

Sand  Composite 
P/N  G 

Melting 

X 

X 

Chemistry 

X 

X 

X  X 

Mold  assembly 

X 

X 

Rigging 

X 

X 

Chilling 

X 

X 

Pouring  temperature 

X 

X 

Solution  treatment  (T&T) 

X 

X 

X  X 

Quenchant  (type  &  temp.) 

X 

X 

X  X 

Aging  treatment  (T&T) 

X 

X 

X  X 

Weld  repair 

X 

X 

A _ — 

X  X 

P/N  -  document  for  each  part  number 

G  -  general  document 

(T&T)  -  time  and  temperature 


d.  Strength  Property  Capability 

Each  foundry  was  asked  to  define  the  strength  property  capability  of 

Shell  Investment 
Ultimate/Yield/Elongation 

43/32/4  -  38/28/3 
38/28/3  -  32/22/2 
38/28/5  -  35/25/4 

50/40/5  -  33/27/3 
47/40/3  -  33/27/3 
41/31/3  -  38/28/5 


their  process.  The  results  were  as  follows: 


Sand  Composite 
Ultimate /Yield/Elongation 


A1  loy  A356-T6 
Critical  area: 
Other  area: 
Entire  casting: 

Alloy  A357-T6 
Critical  area: 
Other  area: 
Entire  casting: 


45/34/3  -  38/28/5 
38/28/3  -  32/22/2 
None  recommended 

50/40/5  -  45/35/3 
45/40/3  -  38/28/3 
None  recommended 
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Sand  Composite 
Ultimate /Yield/Elongation 

Alloy  A2Q1-T7 

Critical  Area:  60/50/3 

Other  area:  56/48/1  -  56/46/2 

Entire  casting:  60/50/3 

Little  agreement  exists  within  the  industry, 
foundry  data  were  from  prolongations  or  separately 
tensile  specimens  excised  from  castings.  This 
procedure  for  investment  castings  due  to  their 
configurations. 

3.  FOUNDRY  AND  USER  RESPONSIBILITIES 

To  clarify  the  responsibilities  of  user  and  foundry,  the  survey  asked 
both  groups  to  identify  areas  which  had  caused  confusion  in  casting  procure¬ 
ment  and  to  Identify  the  areas  of  responsibilities.  The  response  was  as 
follows. 

a.  Problem  Areas 

The  following  items  were  identified  as  problems  by  either  the  foun¬ 
dry  or  the  user: 

1.  Transferred  tooling  equipment  usually  needs  modification 

2.  Foundry  needs  more  time  for  quality  development  of  first  article 

3.  Drawing  callouts  are  not  always  clear 

4.  Too  many  company  specifications  cause  confusion  at  the  foundry 

5.  Liaison  personnel  are  not  always  knowledgeable  in  foundry  proce¬ 
dures 

6.  Foundry  does  not  identify  problem  areas  during  bidding  process 

7.  Foundry  does  not  test  first  article  -  lets  user  determine 
acceptabil ity 

8.  Machined  part  drawing  not  supplied  foundry 


Shell  Investment 
Ultimate/Yield/Elongation 

60/50/5  -  55/45/3 
53/43/3  -  50/40/2 
60/50/3 

Most  of  the  Investment 
cast  test  bars  in  lieu  of 
is  not  an  uncommon  test 
small  size  or  thin  wall 
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b.  Foundry  Responsibilities 


The  users  generally  require  the  foundries  to  be  responsible  for  the 
fol lowing: 

1.  Storing  and  maintaining  patterns  and  Inspection  equipment 

2.  Applying  production  control  procedures  that  can  effectively 
maintain  shipping  schedules 

3.  Developing  shop  aids  necessary  to  control  casting  to  drawing 
dimensions 

4.  Establishing  process  controls  to  maintain  the  required  casting 
quality  and  workmanship 

c.  User  Responsibilities 

The  foundries  generally  expect  the  user  to  be  responsible  for 
supplying  the  following: 

1.  Accurate  drawings  of  the  casting  and  machined  parts 

2.  List  of  approved  process  facilities 

3.  Up-to-date  company  specifications  as  applicable 

4.  Shipping  schedule  requirements 

5.  Description  of  tooling  to  be  used  if  available,  at  the  time  of 
request  to  quote 

4.  DESIGN  PRODUCIBILITY  CONCEPT  OF  USER 

Airframe  design  groups  did  not  maintain  design  producibility  information 
which  was  related  to  premium  quality  castings.  The  concept  was  to  apply  the 
same  design  parameters  for  all  qualities  of  casting  and  let  the  material 
specification  handle  to  the  quality  requirements. 

5.  FOUNDRY  SURVEY  AND  APPROVAL  BY  USER 

Foundry  surveys  were  generally  conducted  by  the  user's  quality  control 
department,  which  surveyed  all  foundry  regardless  of  quality  capability  to  the 
same  requirements. 
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Qualified  source  lists  maintained  at  the  various  user  facilities  do  not 
identify  those  foundries  capable  of  producing  MIL-A-21180  type  castings. 

6.  QUALITY  ASSURANCE  REQUIREMENTS  OF  USER 

a.  First  Article  Approval 

Most  users  accepted  the  foundries'  test  results  when  available; 
however,  the  user  still  required  preproduction  castings.  About  one-half  of 
the  users  excised  tensile  specimens  from  the  sample  casting  and  determined 
its  capability  to  meet  minimum  requirements. 

b.  Production  Testing 

Production  testing  was  done  by  the  foundry  at  the  user's  approved 
testing  source  except  for  hardness  testing  and  some  excising  of  tensile 
specimens  done  by  the  user.  Tests  required  were  chemical  analysis,  penetrant, 
x-ray,  hardness,  and  tensile  properties  of  separately  cast  test  bars  or 
integral  attached  test  bars  and  excised  specimens  from  castings  (destructive 
testing).  Castings  were  selected  at  random,  or  as  the  least  acceptable,  for 
destructive  testing.  The  frequency  of  testing  was  based  on  a  "count,"  e.g., 
1  in  20.  Most  users  specified  where  the  specimens  were  to  be  excised  from 
the  casting.  Retesting  was  permitted  if  failure  occurred  through  a  radio¬ 
graphically  acceptable  flaw.  Testing  procedures  were  in  accordance  with 
ASTM  Standard  E8,  "Tension  Testing  of  Metallic  Materials." 

c.  Process  Welding 

This  was  restricted  in  most  instances  to  specific  locations  and 
sizes  of  areas  to  be  repaired. 

d.  Traceability 

Castings  required  vibro-etched  or  ink  stamp  markings  for  traceability 
of  x-ray  number  in  most  instances  and  heat  treat  lot  or  melt  number  in  a  few 
instances. 


e.  Performance  Records 


All  users  maintain  performance  records  of  each  foundry. 

7.  USER  DOCUMENTATION  DEFICIENCIES 
a.  Procurement  Specification 

All  airframe  manufacturers  use  MIL-A-21 180  or  a  company  specifica¬ 
tion  written  with  similar  requirements  for  procurement  of  premium  quality 
castings.  The  following  changes  were  recommended  by  the  airframe  manufac¬ 
turers  to  make  MIL -A -21180  more  applicable  to  their  individual  company 
needs : 

Number  of 
Companies  With 


Recommended  Changes  Similar  Comment 

Add  provision  for  a  qualified  source  list  2 

Remove  MIL-STD-105,  "Sampling  Procedures  8 

and  Tables  for  Inspection  by  Attributes" 

Eliminate  requirement  for  higher  x-ray  grade  of  preproduc-  10 

tion  part 

Add  provision  for  allowing  process  welding  5 

Add  requirement  for  cast-on  serial  number  2 

Change  "required"  H.T.  procedure  to  "recommended"  2 

Increase  tensile  property  requirements  for  preproduction  1 

casting 

Equate  testing  requirements  with  margin  of  safety  1 

Remove  "Options"  2 

Add  requirement  for  integral  attached  coupon  or  6 

prolongation 

Relate  minimum  properties  to  process  3 

Define  conditions  which  allow  retesting  3 
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Number  of 
Companies  With 


Recommended  Changes  Similar  Comment 

Provide  for  testing  of  casting  too  small  to  excise  tensile  2 

specimen 

Establish  QA  test  requirement  for  each  process  variable  2 

Eliminate  5-percent  elongation  requirement  1 

Remove  requirement  to  negotiate  properties  with  foundry  1 

Relate  to  margin  of  safety  1 

Reduce  testing  frequency  as  confidence  increases  1 

Remove  alloy  and  property  requirements  (use  drawing  notes)  1 

Improve  tensile  test  procedure  (defects  have  greater  1 

effect  on  smaller  specimens;  therefore,  property  minimum 
should  be  lower) 

Relate  x-ray  quality  and  tensile  properties  1 

Define  surface  quality  1 

Delete  alloys  C355,  354,  and  A357  1 

Delete  grade  “A"  x-ray  requirement  1 

b.  User  Property  Requirements 


The  user  tensile  property  requirements  varied  as  follows  for  each 
process  and  alloy: 

Sand  Composite  Shell  Investment 

Ultimate/Yield/Elongation  Ultimate/Yield/Elongation 

Alloy  A356-T6 

Critical  areas:  40/30/3  -  38/28/4  Not  specified 

Noncritical  areas:  38/28/3  -  30/20/3  Not  specified 

All  areas:  38/28/5  -  38/28/4  40/30/3  -  30/20/3  and 

38/28/3-5 


Sand  Composite  Shell  Investment 

U1 tlmate/Yleld/Elongation  Ultimate/Yiel d/El ongatlon 

Alloy  A357-T6 

Critical  areas:  50/40/3-5  -  48/40/5  41/31/3 

Noncritical  areas:  44/34/4  -  38/28/3  38/28/3 

All  areas:  48/36/5  -  38/28/3  41/31/3  -  38/28/3-5 

Alloy  201 -T7 

Critical  areas:  60/53/3  Not  specified 

Noncritical  areas:  56/53/2  Not  specified 

All  areas:  60/50/3  -  53/48/3  60/50/3  -  55/46/2 

Note  that  the  investment  casting  properties  required  for  alloy  A356 
were  very  similar  to  those  generally  required  for  sand  composite  casting  of 
alloy  A356. 

Investment  casting  property  requirements  of  most  users  were  applied 
at  the  same  strength  level  for  the  entire  casting.  The  property  requirements 
that  were  applied  to  sand  composite  castings  usually  varied  for  critical  and 
noncritical  casting  areas,  although  some  users  applied  only  one  property 
strength  level  to  the  entire  casting.  The  difference  in  approach,  as  related 
to  the  foundry  process,  is  understandable  since  investment  castings  generally 
are  much  smaller  and  therefore,  not  subjected  to  a  detailed  stress  analysis 
within  the  various  areas  of  the  casting. 

c.  Structural  Analysis  Requirements 

This  is  a  critical  area  of  each  user's  design  process  that  defines 
differences  between  premium  and  normal  aircraft  quality  castings.  The  group 
classifies  each  casting  in  accordance  with  MIL-C-6021  "Castings,  Classifica¬ 
tion  and  Inspection  of."  Class  1  castings  are  subjected  to  static  testing  to 
prove  the  design  is  acceptable  prior  to  production  use.  This  is  a  one-time 
test  only.  A  casting  factor  is  used  in  most  airframe  designed  castings 
because  of  the  requirements  of  MIL-A-008860,  "Airplane  Strength  and  Rigidity 
Ground  Test,"  which  states:  "Calculated  margins  of  safety  using  'A'  values 


from  MI L-HDBK-5  shall  be  not  less  than  0.33  for  limit  and  ultimate  calcula¬ 
tions."  The  design  factor  applied  by  various  design  groups  was  found  to  vary 
up  to  3.00  in  some  instances. 

d.  Information  Needed  to  Use  Castings  for  Primary  Structure 

This  Includes  (1)  design  test  data  and  qyality  assurance  require¬ 
ments  which  will  eliminate  the  need  for  a  casting  factor,  (2)  damage  toler¬ 
ance,  fatigue  and  fracture  toughness  information,  and  (3)  realistic  design 
allowables  in  MIL-HDBK-5. 
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SECTION  III 


UPDATE  OF  CURRENT  TECHNOLOGY  STATUS  AND 
A  REVISED  SYSTEMS  APPROACH 


1.  INTRODUCTION 

The  objective  of  this  task  was  (1)  to  up-date  the  current  technology 
status  with  a  revised  systems  approach  to  casting  design,  procurement,  and 
acceptance,  (2)  to  identify  technical  areas  that  need  further  improvement  or 
pertinent  factors  which  need  clarification,  and  (3)  to  propose  specifications 
which  would  include  foundry  control  procedures  to  be  defined  later  in  the 
program. 

2.  PROPOSED  APPROACH  FOR  CASTING  DESIGN,  PROCUREMENT,  AND  ACCEPTANCE 
METHODOLOGY 

a.  Design  Concept 

The  first  step  in  a  component  design  is  the  preparation  of  a  drawing 
of  the  finished  part.  This  is  done  to  define  the  tolerances  and  quality  re¬ 
quired  for  the  part  to  function.  If  a  casting  is  selected,  the  next  step 
would  be  to  prepare  a  drawing  of  the  rough  casting.  The  designer  then  designs 
the  rough  casting.  The  final  design  is  discussed  with  design-to-cost  person¬ 
nel  to  arrive  at  an  agreement  about  the  most  economical  method  of  production. 
For  simple  configurations,  the  method  of  production  can  be  ascertained  from 
the  design  manual.  As  the  shape  becomes  larger  and  more  complex,  the  most 
economical  method  of  production  is  more  difficult  to  determine  and  separate 
study  effort  may  be  required  by  the  design-to-cost  group.  In  these  instances, 
sketches  or  preliminary  drawings  are  developed  by  the  designer  to  obtain 
approximate  cost  estimates  of  various  production  methods.  These  methods  may 
include  machining  a  part  from  a  forging  or  a  plate  as  well  as  various  casting 
methods. 
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Drawings  are  reviewed  by  producers  of  the  various  candidate  parts  to 
Indicate  dimensional  and  quality  limitations.  The  estimate  of  part  cost  and 
the  marked  up  drawing  are  returned  to  the  design-to-cost  group.  Finishing 
costs  are  then  determined  and  added  to  the  cost  of  the  rough  part  to  arrive 
at  the  most  economical  method  for  producing  the  part. 

b.  Preliminary  Drawing  Preparation  and  Team  Review 

Using  design  guidelines  for  the  selected  molding  process  the  prelim¬ 
inary  casting  drawing  is  developed  for  team  review. 

A  team  review  of  the  preliminary  casting  configuration  is  used 
effectively  to  expedite  release  of  drawings.  The  typical  review  team  is 
comprised  of  a  representative  from  each  of  the  following  departments: 

1.  Manufacturing  Engineering 

2.  Quality  Assurance 

3.  Procurement 

4.  Materials  and  Process 

5.  Engineering  Liaison 

6.  DesIgn-to-Cost 

7.  Design  Engineering 

8.  Structural  Analysis 

The  responsibility  of  each  team  member  is  as  follows: 

1.  Manufacturing  Engineering:  Responsible  for  the  dimensioning 
method  to  be  used  for  machining  purposes,  e.g.,  need  for  check 
fixture,  tooling  points,  datum  planes 

2.  Quality  Assurance:  Responsible  for  the  method  used  for  casting 
acceptance  before  machining,  i.e.,  the  need  for  inspection  fix¬ 
tures  and  method  of  dimensional  layout  and  control  and  coor¬ 
dination  with  manufacturing  engineering 
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3.  Procurement:  Responsible  for  anything  unusual  which  may  create 
a  procurement  problem.  Procurement  may  request  supplier  input 
regarding  producibil ity,  cost,  and  lead  time;  It  can  be  very 
misleading,  however,  to  discuss  a  pending  design  with  only  the 
representatives  from  one  foundry.  For  large  or  complex  cast¬ 
ings,  Input  from  several  foundries  is  desired  to  ensure  that 
cost  and  schedules  can  support  production  requirements.  Design 
changes  can  be  considered  at  this  time  which  improve  casting 
producibil ity ;  results  of  these  discussions  are  then  considered 
by  the  review  team  to  arrive  at  the  final  design 

4.  Material  and  Process:  Responsible  for  the  specifications  and 
quality  requirements  for  compatibility  with  the  molding  process 
and  property  requirements 

5.  Engineering  Liaison:  Responsible  for  any  drawing  features  which 
have  previously  required  Materials  Review  Board  action  and  need 
to  be  avoided 

6.  Design-to-Cost:  Responsible  for  trade-off  decisions  regarding 
producibil ity  as  related  to  cost 

7.  Design  Engineering;  Responsible  for  the  feasibility  of  suggested 
drawing  modifications 

B.  Structural  Analysis:  Responsible  for  use  of  the  proper  material 
and  casting  classification;  also  defines  the  areas  of  highest 
stress. 

A  check  print  of  the  rough  casting  and  finished  part  drawing  (a 
two-part  drawing)  is  distributed  to  each  team  member  by  the  team  chairman. 
The  chairman  convenes  the  review  team  and  all  comments  are  finalized  on  one 
drawing  which  is  given  to  the  designer  for  incorporation. 


c.  Drawing  Release 


After  the  designer  has  Incorporated  all  comments  from  the  review 

team,  the  drawing  vellum  and  the  check  print  from  the  review  team  are  for¬ 
warded  to  the  design  check  group.  The  check  group  determines  if  the  proper 

drawing  format  was  followed  and  if  the  vellum  reflects  the  changes  shown  on 
the  check  print  from  the  team  review.  If  correct,  the  vellum  is  signed  off  by 
the  checker  and  inserted  in  the  company  drawing  release  system.  The  procure¬ 
ment  group  receives  advance  copies  of  the  drawing  to  expedite  procurement  of 
the  casting. 

d.  Casting  Procurement 

Procurement  reviews  the  source  list  of  foundries  approved  for  the 

type  of  casting  or  molding  method,  alloy,  and  property  level.  If  necessary, 
new  suppliers  are  identified  and  surveyed  at  the  request  of  the  Procurement 
Group.  The  survey  consists  of  a  review  of  the  potential  foundry  facilities 
by  a  representative  from  each  of  the  following  groups: 

1.  Procurement 

2.  Quality  Control  or  Quality  Assurance 

3.  Materials  and  Process  Engineering 

Each  representative  may  survey  the  facility  separately  or  together 
as  a  team.  The  airframe  group  representative's  responsibilities  are  as 
fol 1 ows : 

1.  Procurement:  Responsible  for  evaluating  the  financial  and  com¬ 
pany  organizational  stability  of  the  foundry;  also  considers 
production  control  procedures  and  the  ability  of  the  foundry  to 
respond  to  user  requirements  and  corrective  action  requests 

2.  Quality  Control:  Responsible  for  evaluating  the  foundry  process 
control,  traceability  procedures,  and  inspection  equipment  cali¬ 
bration  and  maintenance;  also  considers  the  position  of  the 
quality  control  manager  in  the  company  organization  structure 


3.  Materials  and  Process  Engineering:  Responsible  for  evaluating 
the  foundry  level  of  technology  and  capability;  also  considers 
the  documentation  of  procedures  and  controls  applied  to  maintain 
a  high  1  evel  of  qual ity. 

The  survey  Is  coordinated  by  the  casting  buyer  who  advises  the  foundry  of 
the  results.  Approved  foundries  are  placed  on  an  approved  source  list  for  the 
alloy,  process,  and  property  level  approved. 

e.  Request  for  Quotation 

After  determining  the  approved  sources,  the  foundries  are  requested 
to  quote  on  production  quantities.  The  quote  package  should  contain  and  de¬ 
fine  the  following: 

1.  New  or  existing  tooling  to  be  used;  if  new  tooling  is  to  be 
built,  the  life  expectancy  is  stated,  and  availability  of  in¬ 
formation  needed  to  construct  the  pattern  equipment 

2.  Three  drawings  of  the  casting,  Including  the  final  machined  part 

3.  Quantity  and  schedule  requirements 

4.  List  of  approved  processing  sources 

5.  Testing  responsibilities  of  the  foundry. 

In  responding  to  the  request,  the  foundry  defines: 

1.  Costs  and  capability  to  meet  proposed  schedules 

2.  Deviations  required  or  items  requiring  clarification. 

f.  Placement  of  Purchase  Order 

After  review  of  all  quotations,  the  casting  buyer  selects  the  casting 


source  and  releases  the  purchase  order  in  accordance  with  standard  procedures 
of  the  Materiel  Group. 

g.  Production  Approval  (First  Article) 

Requirements  for  production  approval  must  be  defined  in  the  procure¬ 
ment  material  specification.  The  requirements  define  the  following: 

1.  Minimum  quantity  of  castings  to  be  submitted 

2.  Test  data,  certifications,  processing  information,  and  any  order 
of  precedence  that  may  be  required;  for  instance,  the  x-ray 
technique  should  be  approved  by  the  user  before  the  sample 
castings  are  submitted  for  production  approval. 

After  the  casting  and  information  have  been  received,  the  user  evaluates 
the  castings  and  determines  the  acceptability  limits  to  be  used  for  subsequent 
production  castings.  These  limits  define  the  acceptance  criteria  for  such 
items  as  follows: 

1.  Specific  test  sites  of  the  casting  for  evaluation  of  tensile 
properties,  and/or  solidification  rate  tests 

2.  Yield  strength  range  of  acceptability  of  integral  attached  ten¬ 
sile  coupon 

3.  Special  quality  requirements  if  any,  for  specific  areas  of  the 
casting. 

Processing  control  documentation  Is  reviewed  and,  if  approved,  so  indi¬ 
cated.  The  procedures  are  not  approved  for  technical  content,  only  to  en¬ 
sure  that  all  pertinent  variables  are  controlled. 

The  results  of  the  user  aluation  are  forwarded  to  the  foundry  and 
the  user's  receiving  and  Inspection  quality  control  group. 


3.  TECHNICAL  AREAS  NEEDING  REFINEMENT  OR  CLARIFICATION 


a.  Design  Considerations 

The  following  Is  needed  to  design  premium  quality  aluminum  castings 
as  primary  structural  components: 

1.  Development  of  reliable  design  property  data  in  a  manner  accept¬ 
able  for  MIL-HDBK-5  use 

2.  Definition  of  quality  assurance  tests  in  applicable  material 
specifications 

3.  Elimination  of  military  requirements  to  use  a  casting  factor 

4.  Design  data  for  damage  tolerance  applications. 

b.  Foundry  Considerations 

An  understanding  is  needed  for  the  effect  of  processing  variables  on 
the  properties  of  castings  produced  by  various  molding  techniques.  Quality 
assurance  limits,  inspection  techniques,  and  process  controls  are  needed  to 
maintain  a  minimum  property  level  in  each  casting  routinely  produced. 


SECTION  IV 


SELECTION  OF  TEST  CASTING  AND  DEVELOPMENT  OF  AN 
EVALUATION  PROCEDURE 


1.  TEST  CASTING  SELECTION 

A  plate  3  inches  by  10  inches  with  a  thickness  determined  by  the 
foundry  was  selected  for  foundry  process  evaluation.  See  Figure  1.  Pattern 
costs  and  development  effort  were  minimal  for  this  configuration  thereby 
allowing  greater  effort  and  cost  to  be  expended  toward  developing  program 
objectives. 

2.  PROCEDURE  FOR  EVALUATION  OF  PROCESS  EFFECTS 

The  alloys  included  in  this  evaluation  were  A356,  A357,  and  A201;  the 
molding  techniques  were  sand  composite  and  shell  investment.  The  manufactur¬ 
ing  process  effects  selected  for  evaluation  were  melt  chemistry,  heat  treat¬ 
ment  response,  solidification  rate,  and  internal  soundness.  Results  of  other 
investigations  have  shown  these  effects  to  exhibit  significant  influence  on 
casting  properties.  In  this  program  each  effect  was  independently  evaluated 
to  demonstrate  the  magnitude  of  each  effect  on  the  casting  properties. 

Standard  reference  plates  were  produced  with  each  alloy  and  molding 
technique  to  establish  a  tensile  property  base.  The  optimum  value  for  each 
variable  and  the  level  of  tensile  properties  required  in  plates  was  defined 
and  agreed  upon  by  the  foundry.  A  range  of  values  for  each  variable  was 
tested  to  demonstrate  the  importance  of  controlling  the  variable. 
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The  proposed  foundry  effort  to  produce  test  plates  of  each  alloy  and 
both  molding  techniques  Is  described  In  detail  in  Appendix  F. 

Proposed  minimum  tensile  properties  for  each  alloy  were: 

1.  A357-T6:  50  ksi  ultimate  strength 

40  ksi  yield  strength 
5  percent  elongation 

2.  A356-T6:  38  ksi  ultimate  strength 

28  ksi  yield  strength 
5  percent  elongation 

3.  A201-T7:  60  ksi  ultimate  strength 

50  ksi  yield  strength 
3  percent  elongation 

These  values  represent  the  highest  level  of  strength  requirements  now 
contained  in  MIL-A-21180  for  each  alloy,  although  it  may  be  unrealistic  to 
apply  these  target  values  to  investment  molded  castings. 


It  was  proposed  that  to  obtain  the  target  properties,  the  standard 
reference  plates  should  exhibit  values  within  the  following  limits  for  each 
metallurgical  variable: 

Alloy  Melt  Radiographic  Yield 

and  Temper  Composition  DAS/Grain  Size  Quality  Strength 
Limits* 

A357-T6  %  Mg: 

0.57/0.62 
t  Fe: 

0.13  max. 

A356-T6  t  Mg:  0.0015  inch  Grade  B 

0.35/0.40  max.  min. 

%  Fe:  DAS 

0.13  max. 

A201-T7  %  Mg:  0.0050  inch  Grade  B  55  ksi 

0.30/0.35  max.  min.  min. 

%  Cu:  Grain 

4.65/4.85  Size 

%  Ag: 

0.55/0.65 
%  Mn: 

0.30/0.40 
%  Fe: 

0.05  max. 

%Si : 

0. 10  max. 


32  to 
36  ksi 


0.0015  inch  Grade  B  42  to 
max.  min.  46  ksi 

DAS 


♦Remainder  of  composition  to  be  within  the  limits  specified  in 
MIL-A-21180. 


SECTION  V 


SURVEY  AND  SELECTION  OF  FOUNDRY  PARTICIPANTS 


The  objective  of  this  task  was  to  survey  potential  foundry  participants 
and  select  those  who  would  best  demonstrate  the  effect  of  process  variables 
on  casting  properties.  The  molding  techniques  considered  were  shell  invest¬ 
ment  and  sand  composite.  Alloys  to  be  included  in  this  task  were  A356,  A357, 
and  A201. 

Inquiries  were  sent  to  all  foundries  included  in  the  earlier  survey  which 
indicated  an  interest  in  participating  in  the  program.  Bids  were  received 
from  sand  composite  foundries  of  Hitchcock  Industries,  Magnesium  Alloy  Pro¬ 
ducts  Company,  and  V&W  Castings  Company.  Investment  foundries  responding  were 
Golden  State,  Arwood  Corporation,  and  Cercast  Inc.  The  foundries  selected  to 
participate  were  Hitchcock  Industries  for  production  of  the  sand  composite 
plates  of  A356,  A357,  and  A201  alloys,  Cercast  Inc.  for  production  rf  A356 
shell  investment  plates  and  Arwood  Corporation  for  A357  and  A201  shell  invest¬ 
ment  plates. 

As  previously  discussed,  foundries  employing  other  molding  techniques 
were  not  considered  since  the  majority  of  MI L-A-21 180-type  aluminum  castings 
procured  for  airframe  structure  were  found  to  be  produced  by  either  the  shell 
investment  or  sand  composite  molding  technique  in  the  survey  of  airframe 
manufacturers. 
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SECTION  VI 

FOUNDRY  PROCESS  DESCRIPTION  AND  TEST  PLAN 


1.  INTRODUCTION 

The  objective  of  this  oortion  of  the  program  was  to  evaluate  the 
effect  of  the  manufacturing  variables  that  are  involved  in  the  production  of 
structural  aircraft  aluminum  castings.  The  variables  were  evaluated  with 
regard  to  their  effects  on  the  tensile  properties  of  the  castings.  While 
variables  of  foundry  processing  have  been  previously  evaluated,  this  investi¬ 
gation  was  unique  because  (1)  the  quality  of  the  material  was  maintained  at 
near  optimum  level  and,  (2)  the  effect  of  each  variable  was  individually 
evaluated  in  a  systematic  manner.  With  this  level  of  quality,  the  properties 
of  the  castings  are  very  responsive  to  relatively  minor  changes  of  processing 
compared  to  lesser  quality  castings  wherein  the  effects  of  the  variables  are 
often  masked  out. 

This  investigation  provided  a  direct  comparison  of  the  effects  of 
processing  on  the  tensile  properties  of  three  alloys  using  two  different 
manufacturing  methods.  More  than  700  tensile  tests  were  conducted  to  evalu¬ 
ate  the  effect  of  process  variations.  The  results  of  these  evaluations  were 
used  to  develop  procurement  specification  requirements  for  airframe  structur¬ 
al  castings  and  provide  generic  manufacturing  process  control  technology  to 
the  foundry  industry.  This  information  was  also  applied  to  the  development 
and  production  of  test  castings  which  were  evaluated  to  obtain  statistically 
based  design  properties  for  inclusion  in  MIL-HDBK-5. 

2.  MANUFACTURING  PROCESS  DESCRIPTION  AND  QUALIFICATION 

The  foundries  involved  in  this  phase  of  the  program  were  airframe 
casting  suppliers  w->1'  proven  capabilities  in  the  production  of  a^minum 
castings  to  the  crem-'ym  Qua^ty  requirements  of  MIL-A-21 180. 
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The  foundries  selected  for  participation  were  Hitchock  Industries,  ! 

Minneapolis,  Minnesota,  for  production  of  sand  composite  test  plates  in  all 
three  alloys;  Cercast  Inc.,  Montreal,  Canada,  for  production  of  shell  invest-  , 

ment  test  plates  in  alloy  A356;  and  Arwood  Corporation,  Tilton,  New  i 

i 

Hampshire,  for  production  of  shell  investment  test  plates  in  alloys  A357  and 

A201 .  j 

•  t 

a.  Cercast  Foundry  Procedure  for  Shell  Investment  Casting  A356-T6 

Test  Plate 

(1)  Molding  Procedure 

The  metal  was  cast  in  a  hot  investment  shell.  The  following 
steps  were  taken  to  produce  the  shell:  A  metal  die  (Item  1  in  Figure  2)  was 
injected  with  wax  to  form  the  wax  pattern  (Item  2).  The  wax  pattern  was 

removed  from  the  die  and  attached  to  a  wax  casting  and  risering  assembly 
(Item  3).  The  wax  assembly  was  then  coated  with  two  coats  of  refractory 
slurry  with  a  colloidal  silica  binder,  followed  by  five  coats  of  slurry  with 
an  ethyl  silicate  binder.  A  shell  thickness  of  0.2  inch  was  thus  obtained 
(Item  4).  The  coated  assembly  was  then  dewaxed  in  an  autoclave  using  super¬ 
heated  steam  that  quickly  removed  most  of  the  wax.  The  shell  was  then  cured 
in  an  oven.  This  firing  also  removed  any  remaining  traces  of  wax. 

(2)  Melting 

Virgin  aluminum  alloy  A356  ingots  were  melted  in  a  silicon 
carbide  crucible  and  held  at  1350F.  Flux  was  added,  and  the  oxides  were 

skimmed  off  the  surface  of  the  melt.  The  chemical  content  was  adjusted  to 

ensure  a  magnesium  content  of  0.36  pecent  and  a  titanium  content  of  0.17 

percent.  The  melt  was  then  degassed  with  a  dry  95/5  nitrogen  freon  mixture 
until  gas-free,  based  on  a  reduced  pressure  test  at  0.2  inch  of  mercury. 

After  the  oxides  were  skimmed  off  again,  a  chemical  analysis  was  made  to 
verify  that  all  elements  were  within- the  specified  composition  limits. 
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FIGURE  2.  ASSEMBLY  OF  PROCESS  TOOLING  AND  PRODUCTS 


(3)  Pouring 

The  investment  shell  was  heated  to  1000F  In  an  oven  and  then 
removed  and  the  metal,  heated  to  1320F,  was  poured  Into  the  mold.  The  end 
of  the  mold  opposite  to  the  sprue  was  raised  so  that  the  mold  was  poured  in 
slightly  tilted  position. 

(4)  Cleaning 

After  the  molten  metal  had  solidified  and  cooled  suffi¬ 
ciently  so  that  it  could  be  handled,  the  shell  was  vibrated  off  the  casting. 
The  gates  and  risers  were  removed  by  sawing  and  then  finishing  by  grinding 
(Items  5,  6,  and  7  in  Figure  2.) 

(5)  Heat  Treatment 

The  castings  were  solution  heat  treated  at  1000F  _+  5F  for  18 
hours,  held  at  room  temperature  for  12  to  24  hours,  then  aged  at  310F  for  5 
hours. 

b.  Arwood  Foundry  Procedure  for  Shell  Investment  Casting  of  A357-V6  and 

A201-T7  Test  Plates 

(1)  Molding  Procedures  (Same  for  Both  Alloys) 

The  metal  mold  (Item  1  of  Figure  3)  was  injected  with  wax  to 
form  the  wax  pattern  of  the  plate  (Item  2).  The  wax  pattern  was  attached  to 
the  gating  and  risering  system  to  form  a  wax  assembly  (Item  3).  Six  coatings 
of  refractory  material  were  applied  to  the  wax  pattern  assembly  to  form  the 
mold  (Item  4  of  Figure  10).  Between  each  coating,  the  assembly  was  submerged 
in  a  water-based  col loidal -sil ica-slurry.  The  first  two  coatings  were  of 
fused  silica,  approximately  300  mesh,  and  the  final  four  coatings  were  made 
with  "Calamo  22"  aluminum  silicate,  a  much  coarser  material  than  the  fused 
silica.  Chopped  fiberglass  was  added  to  the  Calamo  22.  The  assembly  was 
then  dewaxed  in  an  autoclave  using  100  psi  steam.  The  wax  was  melted  out 
quickly  to  prevent  It  from  expanding  and  cracking  the  shell.  The  shell  was 
cured  at  1200F  for  4  hours  and  then  cooled  to  room  temperature. 
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(2)  Melting 


(a)  Alloy  A201 

The  80-pound  melt  charge  consisted  entirely  of  Ingot, 
melted  In  a  100-pound  electric  resistance  furnace  with  a  silicon  carbide 
crucible.  Grain  refinement  was  accomplished  with  a  0.8-pound  aluminum-titan- 
ium-boror.  (5  percent  Ti  -  1  percent  B)  waffle  addition  at  1300F  melt  tempera¬ 
ture.  Degassing  followed,  using  95  percent  nitrogen  and  5  percent  Freon  12. 
Acceptance  of  the  gas  content  was  determined  by  the  density  of  a  test  piece 
c.-f  metal  solidlficJ  at  one-tenth  atmospheric  pressure,  the  density  sample  is 
depicted  (Item  6  in  Figure  3).  A  sample  of  metal  was  taken  from  the  melt 
for  spectrographic  analysis  prior  to  pouring.  The  chemical  sample  is  shown 
(Item  7  in  Figure  3). 

(b)  Alloy  /. 357 

A  300-pound  charge  of  ingots  and  returns  (about  50  percent 
each)  was  melted  in  a  silicon-carbide  crucible  in  an  electric  resistance 
furnace.  Grain  refinement  wa:i  accomplished  a  K 4-pound  addition  of 

aluminum  titanium-boron  (5%  TI  -  IX  B)  at  130OF.  Magnesium  (0.05  pound)  was 
then  added,  and  the  melt  degassed  with  95  percent  nitrogen  -  5  percent  Freon 
12  gas.  A  density  sample,  solidified  at  one-tenth  atmospheric  pressure, 
confirmed  the  removal  of  gas  from  the  metal.  A  sample  of  metal  was  taken  for 
spectrographic  analysis  prior  to  pouring. 

(3)  Pouring 

Both  alloys  A357  and  A201  were  poured  at  a  metal  temperature  of 
1300F  and  with  a  pressure  of  3-1/2  psi.  Pressure  was  applied  by  introducing 
argon  gas  into  the  covered  melting  crucible.  This  forced  the  metal  up  the 
sprue  and  into  the  mold.  The  mold  was  placed  over  the  crucible  with  the 
sprue  extending  down  into  the  molten  metal.  The  pouring  weight  of  each  mold 
was  3.25  Qounds. 


(4)  Cleaning 

The  mold  was  vibrated  to  remove  the  major  portion  of  the  shell; 

i 

i  then  exposed  to  a  jet  of  high  velocity  water  to  clean  off  the  remaining 

refractory.  The  cleaned  casting  is  shown  in  Item  5  of  Figure  3.  All  gates 
!  and  risers  were  stub  cut,  using  a  band  saw,  and  then  ground  back  to  final 

t 

dimension. 

j 

;  (5)  Heat  Treatment 

(a)  Alloy  A20i 

The  solution  treatment  consisted  of  965F  for  2  hours, 
J  increased  to  990F  for  16  hours,  and  f  till  owed  by  quenching  in  room  temperature 

water.  The  plates  were  straightened  in  the  as-quenched  condition.  Following 
a  12-hour  delay  at  room  temperature,  they  were  aged  at  370F  for  5  hours. 

(b)  Alloy  A357 

The  plates  were  solution  heat-treated  at  1000F  for  12 
hours,  quenched  in  room  temperature  water,  held  for  12  hours  at  room  tempera¬ 
ture,  and  aged  at  340F  for  6  hours. 

I 

c.  Hitchcock  Foundry  Procedure  for  Sand  Composite  Casting  A357-T6, 

A356-T6,  and  A201-T7  Test  Plates 

(1)  Molding  Procedures 

All  alloys  were  cast  in  a  cope  and  drag  sand  mold.  The  sand 
was  bank  sand,  AFS  60,  with  0.8-percent  Pepset  used  as  a  binder.  The  core 
boxes  used  to  make  the  mold  haves  are  shown  (Figure  4).  The  chills  that 
were  added  to  the  mold  halves  (Figure  5)  consisted  of  one  brass  chill  (13 
pounds)  placed  in  the  drag;  one  iron  chill,  4  by  3  by  5/8  inch  (2  pounds);  and 
two  iron  chills,  2  3/4  by  5/8  by  1/2  inches  (3  ounces),  located  in  the  cope 
half  of  the  mold  (Figure  6  shows  their  locations  in  the  mold).  Steel  wool 
and  two  metal  screens  were  added  to  the  well  of  the  down  sprue  as  shown  in 
the  drag  mold  section  (Figure  6).  The  mold  halves  were  sprayed  with  a  light 
coating  of  Pyroseal ,  then  pasted  and  closed.  Then  metal  was  poured  into  the 
mold.  The  plate  was  then  shaken  loose  from  the  mold  and  cleaned  of  molding 
sand.  The  plate  with  rigging  attached  is  shown  in  Figure  7. 
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COPE 


FIGURE  4.  CORE  BOXES  WITH  PATTERNS  USED  FOR  COPE  AND  DRAG  MOLDS 


(2)  Melting 

All  alloys  were  melted  In  a  1000-pound  electric  resistance-fur¬ 
nace  using  a  silicon-carbide  crucible.  The  charges  were  usually  60-percent 
ingot  and  40-percent  returns.  Melts  used  for  test  plates  were  approximately 
300  pounds.  Typical  ingot  analyses  were: 


Elements,  % 

A356 

A357 

A201 

Sil icon 

7.00 

7.20 

0.03 

Iron 

0.10 

0.09 

0.03 

Copper 

0.01 

0.01 

4.40 

Magnesium 

0.38 

0.63 

0.24 

Titanium 

0.12 

0.10 

0.21 

Manganese 

0.34 

S11 ver 

0.50 

Beryl  1 ium 

0.05 

Materials  used  for  melt  additions  were: 

1.  Beryllium  as  beryllium-aluminum 

2.  Magnesium  as  magnesium  ingot 

3.  Silicon  as  aluminum  silicon  ingot  (25%  SI) 

4.  Copper  as  copper  shot 

5.  Manganese  as  aluminum  manganese  ingot  (10%  Mn) 

6.  Titanium  and  boron  as  titanium-boron  wire 

7.  Silver  as  recovered  silver  from  x-ray  film 

The  melt  was  degassed  by  injecting  a  mixture  of  90-percent  nitrogen 
and  10-percent  chlorine  gas  through  a  graphite  lance  into  the  metal.  The 
metal  was  considered  degassed  when  a  sample,  allowed  to  solidify  under  a 
vacuum  of  2  to  4  Inches  of  mercury,,  did  not  show  any  gas  holes  when  sectioned 
and  polished.  After  the  metal  was  degassed,  a  spectrographic  sample  was  taken 
from  the  melt  and  the  composition  was  adjusted.  A  second  gas  check  was  made 
and,  if  satisfactory,  the  melt  was  raised  to  1375F  for  pouring.  Just  prior 
to  pouring,  a  final  check  of  melt  chemistry  was  made,  and  If  acceptable,  the 
melt  was  poured. 
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(3)  Pouring 

The  metal  was  dipped  from  the  melting  crucible  and  poured  at 
1375F  into  the  mold  at  room  temperature  using  a  steel  ladle  coated  with 
refractory  Insulkotz  R-20. 

(4)  Clean  Up 

After  the  casting  was  shaken  out  of  the  mold,  the  gates  were 
cut  off  and  the  casting  was  identified  and  rough-ground  for  heat  treatment. 

(5)  Heat  Treatment 

All  plates  were  loaded  in  a  vertical  position  (on  the  10-inch 
edge)  and  one  inch  apart  in  a  basket.  The  plates  were  solution-treated  In 
a  gas-fired  furnace  in  the  following  manner: 

1.  Alloy  A356:  18  hours  at  1000F 

2.  Alloy  A357:  18  hours  at  1010F 

3.  Alloy  A201 :  2  hours  at  975F,  18  hours  at  985F 

The  plates  were  quenched  in  40F  water  using  a  7-to-ll-second 
maximum  quench  delay.  After  a  delay  at  room  temperature  of  12  to  24  hours, 
the  plates  were  artificially  aged  as  shown  below: 

1.  Alloy  A356:  8  hours  at  310F 

2.  Alloy  A357:  8  hours  at  325F 

3.  Alloy  A201 :  5  hours  at  370F 

Plates  were  evaluated  for  the  following: 

(a)  Brinell  Hardness  (10mm  Ball,  500  kg  load) 

(b)  X-ray  Quality 

(c)  Microstructure 

(d)  Tensile  Strength 

d.  Foundry  Process  Qualification 

Each  foundry  submitted  test  plates  to  demonstrate  the  tensile 
property  capabilities  of  their  processes.  The  target  minimum  tensile  proper¬ 
ties  of  the  standard  plates  manufactured  by  both  processes  in  each  alloy  were 


as  follows: 


A357-T6 

A356-T6 

A201-T7 

Ultimate  tensile  strength  (ksl)  min. 

50 

38 

60 

Yield  strength  (ksi)  min. 

40 

28 

50 

Elongation  {%)  min. 

5 

5 

3 

The  tensile  properties  of  the  standard 
Tables  1  through  6. 

test 

plates  are 

listed  in 

Although  with  more  refined  procedures 

these 

processes 

could  have 

been  improved  to  obtain  higher  tensile  properties. 

they  were 

considered 

acceptable  to  demonstrate  the  effects  of  variables  on  the  casting  properties. 


TABLE  1.  TENSILE  PROPERTIES  OF  A357-T6  SAND  COMPOSITE 
STANDARD  PLATES  (3/4  INCH  THICK) 


Ultimate  Tensile 


Strength 

Yield  Strength 

El ongation 

Hardness 

(ksi) 

(ksi) 

(X) 

(HRE) 

48.0 

39.9 

5.0 

96 

49.5 

42.8 

4.o(l) 

98 

49.1 

41.5 

5.2 

96 

47.4 

40.0 

4.8 

95 

50.3 

41.5 

7.0 

96 

48.4 

39.9 

6.1 

96 

48.3 

41.6 

5.1 

96 

48.6 

40.7 

5.8 

95 

49.5 

41.9 

6.2 

96 

Range: 

47.4/50.3 

39.9/42.8 

4.8/7. 0 

95/98 

Average: 

48.8 

41.1 

5.6 

96 

Target  Min: 

50.0 

40.0 

5.0 

NOTE:  1. 

Broke  outside 

men. 

the  middle  half 

of  the  gage  length  of  the  speci- 

Comments:  DAS 

range  (inch): 

0.0009  -  0.0012 

(plate  surface) 

Mg  (%):  0.58  -  0.59 
Fe  (%):  0.08  -  0.12 
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TABLE  2.  TENSILE  PROPERTIES  OF  A356-T6  SAND  COMPOSITE 
STANDARD  PLATES  (3/4  INCH  THICK) 


Ultimate  Tensile 


Strength 

(ksl) 

Yield  Strength 
(ksi) 

Elongation 

(%) 

Hardness 

(HRE) 

43.9 

32.7 

8.0 

89 

42.8 

32.5 

6,4 

88 

43,3 

32.7 

7.4 

89 

41.3 

31.8 

5.7 

87 

42.5 

32.4 

7.2 

87 

42.0 

31.9 

6.5 

84 

43.3 

32.3 

7.4 

87 

42.4 

32.4 

6.2 

89 

39.8 

32.5 

4.3 

90 

38.1 

32.4 

4.4 

90 

Range: 

38.1/43.9 

31.8/32.7 

4. 3/8.0 

84/90 

Average: 

41.9 

32.4 

6.3 

88 

Target  Min: 

38.0 

28.0 

5.0 

Comments:  DAS  range  (Inch):  0.0009  -  0.0011  (plate  surface) 
Mg  (*):  0.38 

Fe  (%)•  0.10  -  0.12 
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TABLE  3.  TENSILE  PROPERTIES  OF  A201-T7  SAND  COMPOSITE 
STANDARD  PLATES  (3/4  INCH  THICK) 


Ultimate  Tensile 


Strength 
(Ksi ) 

Yield  Strength 
(ksi ) 

El  ongation 
(*) 

Hardness 

(HRE) 

62.1 

57.4 

4.4 

77 

69.7 

59.1 

4.1 

77 

64.7 

59.8 

5.7 

77 

63.0 

59.0 

4.2 

79 

66.6 

62,0 

5.4 

80 

63.6 

59.2 

4.4 

79 

65.9 

61.5 

4.7 

77 

64.9 

60.5 

4.9 

78 

65.5 

60.6 

4.9 

79 

64.6 

60.8 

4.0 

71 

Range: 

62.1/69.7 

57.4/62.0 

4. 0/5.7 

71/80 

Average: 

65.1 

60.0 

4.8 

77 

Target  Min: 

60.0 

50.0 

3.0 

Comments:  Grain  Size  (inch):  0.0020  -  0.0030  (plate  surface) 
Mg  (%):  0.31  -  0.35 

Cu  (%):  4.63  -  4.65 

Ag  (*):  0.53  -  0.56 

Si  (%):  0.04 

Fe  (%):  0.01  -  0.05 
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TABLE  4.  TENSILE  PROPERTIES  OF  A357-T6  SHELL  INVEST¬ 
MENT  STANDARD  PLATES  (3/16  INCH  THICK) 


Ultimate  Tensile 
Strength 
(ksl) 

Yield  Strength 
(ksl) 

Elongation 

(%) 

Hardness 

(HRE) 

48.6 

40.0 

7.4 

95 

47  2 

40.0 

4.9 

93 

48.6 

40.0 

6.6 

94 

48.8 

40.4 

7.0 

95 

47.1 

39.8 

5.4 

92 

47.9 

39.8 

6.7 

93 

47.7 

40.2 

5.1 

94 

48.6 

40.1 

4.7 

96 

49.0 

41.8 

4.3 

96 

50.0 

40.7 

6.5 

96 

Range: 

47.1/50.0 

39.8/41.8 

4. 3/7.4 

92/96 

Average: 

47.3 

40.3 

5.8 

94 

Target  Min: 

50.0 

40.0 

5.0 

Comments:  DAS  range  (Inch):  0.0012  -  0.0016  (plate  surface) 
Mg  (%):  0.51 
Fe  (*):  0.10  -  0.13 


TABLE  5.  TENSILE  PROPERTIES  OF  A356-T6  SHELL  INVEST¬ 
MENT  STANDARD  PLATES  (1/10  INCH  THICK) 


Ultimate  Tensile 


Strength 

(ksi) 

Yield  Strength 
(ksi) 

Elongation 

(%) 

Hardness 

(HRE) 

41.7 

30.9 

8.4 

86 

40  7 

30.4 

7.2 

86 

41.9 

32.1 

(7. 3 )  (G ) 

87 

40.4 

31.7 

6.3 

86 

42.4 

33.2 

7.3 

88 

41.8 

32.7 

7.7 

87 

42.4 

33.6 

(8.2)(F) 

87 

41  5 

31.9 

6.5 

88 

42.5 

33.9 

7.1 

92 

42.0 

32.8 

6.0 

86 

Range: 

40.4/42.5 

30.4/33.9 

6. 0/8.4 

86/92 

Avera ge : 

41.7 

32.3 

7.1 

87 

Target  Min: 

38.0 

28.0 

5.0 

(G)  -  Specimen  broke  outside  the  gage  length 
(F)  -  Fracture  surfr  :e  of  specimen  shows  a  flaw 


Comments:  DAS  range  (inch):  0.0018  -  0.0025  (plate  surface) 
Mg  (%):  0.36 
Fe  {%) :  0.04 
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TABLE  6.  TENSILE  PROPERTIES  OF  A201-T7  SHELL  INVEST¬ 
MENT  STANDARD  PLATES  (3/16  INCH  THICK) 


Ultimate  Tensile 
Strength 
(ksi) 

Yield  Strength 
(ksi) 

Elongation 

(%) 

Hardness 

(HRB) 

Electrical 
Conductivity 
(X  IACS) 

63.5 

56.6 

6.8 

73 

32.7 

64.0 

56.3 

9.8 

75 

31.8 

62.8 

55.8 

7.9 

74 

32.5 

Range:  62,8/64.0 

55.8/56.6 

6.8/9. 8 

73/75 

31.8/32.7 

Average:  63.4 

56.2 

8.6 

74 

32.3 

Target  Min:  60.0 

50.0 

3.0 

Comments: 

Grain  Size  (inch): 
Mg  (X):  0.23 

Cu  (X):  4.37 

Ag  (X):  0.41 

Si  (%):  0.03 

Fe  (X):  0.01 

0.0027  - 

0.0030  (plate 

surface) 
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3.  PLATE  TEST  PLAN  AND  INSPECTION  PROCEDURE 


The  types  and  quantities  of  the  tests  used  in  evaluation  of  the  cast 
plates  are  shown  (Tables  7  and  8).  The  foundries  x-rayed  each  plate  to 
ensure  that  a  Grade  B  radiographic  quality  was  obtained  and  an  analysis  was 
made  of  each  melt  to  ensure  conformance  to  composition  requirements.  These 
results  were  forwarded  with  each  shipment  of  test  plates.  Upon  receipt  of 
the  plate',  at  Northrop,  a  plate  of  each  group  was  evaluated  for  surface  DAS 
(A356  and  A357)  or  grain  size  (A201),  one  plate  of  each  melt  was  analyzed  for 
chemical  composition,  and  the  foundry  radiograph  of  each  plate  was  reviewed. 
Hardness  and  conductivity  measurements  were  taken  prior  to  excision  of  the 
tensile  specimen.  If.  these  evaluations  were  acceptable,  the  location  of  the 
tensile  specimen  was  indicated  on  the  plate.  After  removal  of  the  tensile 
specimens,  each  specimen  was  x-rayed  again  to  validate  the  radiographic 
quality  as  Grade  B  or  better  in  accordance  with  MIL-C-6021  specification 
requi rements.  If  acceptable,  the  specimen  was  tested. 

Each  group  of  plates  contained  at  least  three  plates  processed  in  the 
same  manner  as  the  original  standard  reference  plates.  These  plates  were 
used  as  baseline  properties  for  the  group. 
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TABLE  7.  INSPECTION  PLAN  FOR  SHELL  INVESTMENT  CAST  PLATES 
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■NOTE:  MINIMUM  NUMEER  OF  TESTS  PER  TASK 


FOUNORY  TESTS _ NORTHROP  TESTS* _ 

AUOY,  FOUNORY.  HUMBER  EXTERNAL: 

TASK  NUMBER*  OF  CHEMISTRY  CHEMISTRY  EXTERNAL:  GRAIN  ELECTRICAL 


'NOTE:  MINIMUM  NUMBER  OF  TESTS  PER  TASK 


SECTION  VII 


EVALUATION  OF  TEST  PLATES 

i 

In  this  task,  cast  plates  were  produced  to  demonstrate  the  affects  of 
manufacturing  process  variables  on  casting  tensile  properties. 

The  effects  were  determined  for  alloys  A357-T6,  A356-T6,  and  A201-T7  pro¬ 
duced  by  both  the  shell  investment  and  the  sand  composite  processes.  The 
purpose  of  this  effort  was  to  determine  their  relative  Importance  in  the  pro¬ 
duction  of  aircraft  structural  quality  castings.  This  information  is  needed 
to  support  the  development  of  procurement  specification  requirements  that  will 
provide  the  user  with  a  means  of  determining  castings  of  an  acceptable  quality 
with  a  high  degree  of  reliability,  and  to  provide  a  technological  base  for  the 
foundry  metallurgist  to  use  in  the  evaluation  and  development  of  production 
techniques  for  structural  airframe  cast  configurations. 

Although  these  variables  were  evaluated  in  previous  investigations,  they 
were  not  subjected  to  the  systematic  evaluation  that  they  were  in  this  study 
which  involved  materials  of  near-optimum  quality  produced  In  commercial  found¬ 
ries.  The  results  of  each  variable  are  shown  on  a  graph  for  easy  evaluation. 
Each  primary  variable  was  divided  into  several  secondary  variables.  These 
were  independently  varied  so  that  their  effects  on  tensile  properties  could  be 
demonstrated.  Each  variable  of  each  alloy  and  each  molding  method  was  repre¬ 
sented  in  triplicate  plates.  The  plates  were  approximately  three  inches  wide 
and  ten  Inches  long.  Thickness  of  the  plates  varied  by  process  and  foundry. 
All  sand  composite  plates  of  each  alloy  were  3/4-1nch  thick;  shell  investment 
A357  and  A201  plates  were  approximately  3/16-inch  thick;  and  the  A356  shell 
investment  plates  were  approximately  1/10-inch  thick.  The  thickness  was  se¬ 
lected  by  the  foundries  at  their  discretion  to  provide  consistent  high 
qual ity. 
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The  primary  and  secondary  variables  were: 


Heat  Treatment 
All  Alloys 


Solidification  Rate 

A356  and  A357  Alloys 
A201  Alloy 


R  ad i og  ra  phic  Qua  lit) 


All  Alloys  Grade  A-D 


Magnesium  content 
Iron  content 

Magnesium  content 
Iron  content 

Silicon  content 
Iron  content 
Magnesium  content 
Copper  content 
Sil ver  content 

Solution  time 
Quench  water  temperature 
Delay  time  at  room  temperature 
Artificial  aging  time 

DAS 

Grain  size 


Gas  porosity 
Shrinkage  sponge 
Dross 


All  the  plates  were  cast  using  production  equipment.  This  did  not  permit 
laboratory  control  of  each  situation.  Although  it  was  desirable  to  minimize 
variations  within  each  group  of  "standard"  conditions,  so  only  one  condition 
of  the  process  varied,  this  was  accomplished  with  varying  degrees  of  success. 
Some  abnormalities  are  evident  in  the  results. 
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1.  ALLOY  A357  SAND  COMPOSITE  AND  SHELL  INVESTMENT  PLATES 


a.  Composition 

The  melt  composition  was  varied  by  changing  the  magnesium,  Iron,  and 
beryllium  content.  Magnesium  combines  with  silicon  to  form  M^Si,  which 
precipitates  during  artificial  aging  to  strengthen  the  alloy.  Iron  is  an 
impurity  that  combines  with  aluminum  and  silicon  to  form  needles  of  FeSIA^, 
which  embrittles  the  structure  and  therefore  Is  undesirable.  Beryllium  has 
been  reported  to  provide  two  beneficial  effects:  It  preferentially  oxidizes 
before  the  magnesium  to  form  BeO,  thereby  reducing  the  loss  of  magnesium  from 
the  melt,  and  it  also  modifies  the  shape  of  the  FeS i A1 5  needles  to  the 
nodular  form  BeFeSiAls,  reducing  the  embrittling  effect.  Beryl  1 i urn- iron 
combinations  were  investigated  to  determine  if  beryllium  would  increase  the 
ductility  of  alloys  with  high  iron  content.  The  melt  composition  was  varied 
in  the  following  manner: 


MIL-A-21180 

Melt  Composition 

Specification 

(%) 

Requirement 

Target 

Sand 

Shell 

(%) 

Val ues 

Composite 

Investment 

0.40/0.70 

0.40 

0.41 

0.40 

Magnesium 

0.50 

0.52 

0.49 

0.60 

0.57 

0.60 

0.70 

0.70 

0.70 

0.20  Iron 

0.05 

Not  obtained 

Not  obtained 

Maximum 

0.10 

0.10 

0.08 

0.15 

Not  obtained 

0.15 

0.20 

0.17 

Not  obtained 

0.04/0.07 

0.05Be+0. lOFe 

0.02Be-K).  lOFe 

G.06Be+0.08Fe 

Beryl  1 ium 

0.05Be+0.20Fe 

0.02Be+0.24Fe 

0.06Be+0.15Fe 

0.25Be+0. lOFe 

0.09Be+0. lOFe 

0.22Be+0.08Fe 

0.25Be+0.20Fe 

0.09Be+0.18Fe 

0.22Be+0.17Fe 

(1)  Magnesium 


The  strength  of  shell  investment  molded  plates  was  significantly 
improved  with  increased  magnesium  content.  Ductility  of  both  sand  composite 
and  shell  investment  molded  plates  was  significantly  reduced  with  increased 
magnesium  content.  Most  results  of  other  Investigations  agreed  with  these 
findings.  (References  1,  2,  and  3).  The  results  of  the  sand  composite  molded 
plates  with  0.58  and  0.70  percent  of  magnesium,  are  questionable.  The  more 
likely  trend  is  represented  in  the  shell  investment  plate  Information  (Compare 
Figures  8  and  9). 


(2)  Iron 

It  has  been  reported  that  an  increase  of  iron  content  reduces 
ductility.  (References  1,  3,  4,  and  5).  This  investigation  verified  the  ef¬ 
fect  of  iron  on  the  sand  composite  molded  plates,  however,  the  ductility  of 
the  shell  investment  plates  did  not  change  with  increased  Iron  content.  Pos¬ 
sibly  this  was  due  to  the  lower  levels  of  ductility  In  the  investment  cast 
material.  The  strength  of  plates  produced  by  both  sand  composite  and  shell 
investment  mold  methods  was  not  significantly  affected  by  increasing  the  iron 
content  (Figures  10  and  11). 


(3)  Beryllium 


The  benefit  of  beryllium  to  the  alloy  was  not  evident  in  this 
investigation.  Various  additions  of  beryllium  to  melts  of  low  to  high  iron 
content  (within  the  specification  range)  did  not  result  in  a  significant  im¬ 
provement  in  tensile  properties  of  plates  produced  by  either  the  sand  compos¬ 
ite  or  shell  investment  molding  method  (Figures  12  and  13).  The  beneficial 
effect  of  beryllium  that  has  been  reported,  presumably  have  occurred  in  a 
material  with  a  coarser  microstructure.  (References  4  and  6). 


IRON  CONTENT  (PERCENT) 


FIGURE  10.  EFFECT  OF  IRON  CONTENT  ON  THE 
TENSILE  PROPERTIES  OF  SHELL  INVESTMENT 
CAST  A357-T6 


IRON  CONTENT  (PERCENT) 


FIGURE  11.  EFFECT  OF  IRON  CONTENT  ON  THE  TENSILE 
PROPERTIES  OF  SAND  COMPOSITE  CAST  A357-T6 
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I  RON  AND  BERYLIUM  CONTENT 

FIGURE  13.  EFFECT  OF  IRON  AND  BERYLLIUM  CONTENT  ON  THE 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A357-T6 


b.  Heat  Treatment 


The  following  heat  treatment  process  variables  were  Included  in 
this  investigation: 

1.  Solution  time 

2.  Quench  water  temperature 

3.  Delay  time  at  room  temperature 

4.  Artificial  aging  time. 

The  effects  of  each  variable  on  the  tensile  properties  of  the  plates 
produced  by  the  sand  composite  and  shell  Investment  processes  were  determined 
and  plotted  to  show  trends.  The  differences  in  thickness  of  the  sand  compos¬ 
ite  plates  (3/4  inch)  and  the  shell  investment  plates  (3/16  inch)  in  some 
instances,  may  have  affected  the  results.  The  following  heat  treatment  pro¬ 
cess  was  defined  as  standard  for  A357-T6  standard  plates  produced  by  each 
molding  procedure: 

Sand  Composite  Shell  Investment 

Process  Variable  Process  Process 

Solution  treatment  1010F,  18  hours  1000F,  12  hours 

Quenchant  Water  at  40F  Water  at  room 

temperature 

Delay  at  room  12  to  24  hours  12  hours 

temperature 

Artificial  aging  325F,  6  hours  340F,  8  hours 

(1)  Solution  Treatment  Time 

The  solution  times  of  six,  twelve,  and  eighteen  hours  were  evalu¬ 
ated.  All  plates  were  subsequently  processed  in  accordance  with  the  standard 
procedure  to  the  T6  condition  and  tested.  The  results  (Figures  14  and  15) 
indicate  that  a  solution  treatment  time  longer  than  six  hours  had  very  little 
effect  on  tensile  properties.  The  ductility  of  the  3/4-inch  thick  sand  com¬ 
posite  molded  plates  improved,  but  the  ductility  of  the  3/16-inch  thick  shell 
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FIGURE  14.  EFFECT  OF  SOLUTION  TIME  ON  TENSILE 
PROPERTIES  OF  SHELL  INVESTMENT  CAST  A357-T6 
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SOLUTION  TREATMENT  TIME  (HOURS  AT  1010F) 

FIGURE  15.  EFFECT  OF  SOLUTION  TIME  ON  TENSILE  PROPERTIES 
OF  SAND  COMPOSITE  CAST  A357-T6 


Investment  plates  was  slightly  reduced.  With  a  longer  than  six  hours  solution 
time,  the  strength  values  showed  only  a  minor  change. 

(2)  Quench  Water  Temperature 

Quench  water  temperatures  within  the  range  of  40F  to  212F  were 
included  in  this  investigation  (Figures  16  and  17).  All  tensile  proper¬ 
ties  were  significantly  reduced  as  the  temperature  of  the  water  increased. 
The  tensile  properties  of  plates  produced  by  the  sand  composite  molding  pro¬ 
cess  and  those  produced  by  the  shell  investment  molded  process,  showed  similar 
effects.  The  properties  of  the  thicker  3/4-1nch  sand  composite  plates  were 
more  severely  reduced  by  quench  water  temperatures  than  the  thinner  3/16-inch 
shell  Investment  plates. 

(3)  Delay  Period  at  Room  Temperature 

Delay  periods  of  zero,  one-half,  one,  and  three  days  were  includ¬ 
ed  in  the  investigation.  The  only  significant  change  in  tensile  properties 
occurred  with  the  sand  composite  molded  castings.  The  ductility  was  increased 
after  a  delay  of  one  day.  (Figures  18  and  19). 

(4)  Artificial  Aging  Time 

Artificial  aging  times  of  zero,  four,  six,  eight,  and  ten  hours, 
were  included  in  this  investigation.  Similar  effects  on  tensile  properties 
were  found  in  the  sand  composite  and  shell  investment  plates.  Both  showed 
increased  tensile  strength  and  decreased  ductility  with  longer  aging  times 
(Figures  20  and  21).  The  artificial  age-hardening  process  is  well  known  for 
precipitation  hardening  alloys.  The  hump  in  the  elongation  curve  has  already 
been  reported  (Reference  9)  but  the  causes  of  this  phenomenon  have  not  been 
explained. 


a 


QUENCH  WATER  TEMPERATURE  (F) 


FIGURE  17.  EFFECT  OF  QUENCH  WATER  TEMPERATURE  ON  THE 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A357-T6 


DELAY  TIME  AT  ROOM  TEMPERATURE  (DAYS) 

FIGURE  19.  EFFECT  OF  DELAY  TIME  AT  ROOM  TEMPERATURE  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A357-T6 
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AGING  TIME  AT  340F  (HOURS) 


FIGURE  20.  EFFECT  OF  AGING  TIME  ON  TENSILE  PROPERTIES 
OF  SHELL  INVESTMENT  CAST  A357-T6 


c.  Solidification  Rate  (as  measured  by  DAS) 


The  effects  of  DAS  on  tensile  properties  has  been  well  documented 
since  it  was  reported  by  Spear  and  Gardner  in  the  early  1960s  (References  7, 
8,  9,  and  10).  The  changes  in  microstructure,  resulting  from  various  amounts 
of  chilling  used  in  the  sand  composite  molds  and  mold  temperature  of  the  in¬ 
vestment  shells,  correspond  in  a  parallel  manner.  More  chilling  and  lower 
mold  temperatures  produce  a  more  refined  structure  and  improved  tensile 
properties,  but  less  chilling  and  higher  mold  temperatures  produce  coarser 
structures  and  lower  tensile  properties  (Figures  22,  23,  24  and  25). 

d.  Radiographic  Quality 

Two  levels  of  radiographic  quality  were  used  in  this  investigation. 
The  highest  quality  level  was  equal  to,  or  better  than,  a  Grade  B  per  MIL-C- 
6021  (Figure  26).  This  quality  represents  the  highest  quality  available  for 
production  castings  and  is  usually  required  in  high  stress  areas  of  premium 
quality  castings.  The  lower  quality  investigated  was  a  Grade  C  or  D  in 
accordance  with  MII.-C-6021  Grade  definition.  The  types  of  radiographic 
defects  evaluated  were: 

1.  Dross  (less  dense  material) 

2.  Shrinkage  sponge 

3.  Porosity. 

These  types  of  defects  are  the  most  prevalent  causes  of  radiographic 
rejection  of  M I L-A-2 1180  aircraft  castings.  The  quality  levels  of  each  type 
of  defect  in  each  alloy  was  not  reproduced  in  plates  from  each  molding  pro¬ 
cess.  Radiographs  of  each  plate  depicted  areas  of  unsoundness.  Tensile  spe¬ 
cimens  were  obtained  from  these  areas.  Occasionally,  after  machining  the  spe¬ 
cimen  from  the  plates,  the  apparent  radiographic  quality  was  found  to  have 
changed,  to  a  higher  grade,  and  could  not  be  used  (Figure  27).  The  tensile 
properties  of  specimens,  representing  the  two  general  levels  of  radiographic 
quality,  were  plotted  by  type  of  defect,  alloy,  and  molding  method  (Figures  28 
and  29).  Each  time  the  quality  level  decreased,  the  ultimate  strength  and 
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DENDRITE  ARM  SPACING  (10~4  INCHES) 

FIGURE  22.  EFFECT  OF  DENDRITE  ARM  SPACING  ON 
TENSILE  PROPERTIES  OF  SHELL  INVESTMENT 
CAST  A357-T6 
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DAS  0.0014  INCH 
TENSILE  62-46-4 
MOLD  CONTAINED  COPE 
AND  DRAG  CHILLS 


DAS  0.001 9  INCH 
TENSILE  48-43-1 
NO  CHILL  IN  COPE, 

HALF  THE  WEIGHT  OF 
STANDARD  CHILL  IN  DRAG 


DAS  0.0035  INCH 
TENSILE  4642-1 
NO  CHILLS  USED 

ALL  X100,  KELLER  ETCH 


Bo-00162 


86-00161 


FIGURE  24.  EFFECT  OF  CHILLS  ON  THE  MICROSTRUCTURE  OF  SAND  CAST  A357-T6 


DAS  0.001 3  INCH 
TENSILE  5041-6 
MOLD  TEMPERATURE, 
AMBIENT 


DAS  0.0027  INCH 
TENSILE  45-43-2 
MOLD  TEMPERATURE  800°F 

BOTH  XI 00,  KELLER  ETCH 


86-00237-17,  18A 


FIGURE  25.  EFFECT  OF  MOLD  TEMPERATURE  ON  THE  MICROSTRUCTURE 
OF  SHELL  INVESTMENT  CAST  A357-T6 


GAS  POROSITY  (ELONGATED) 
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1.22  -1,  1/4  INCH 


SHRINKAGE  POROSITY  OR  SPONGE 
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FOREIGN  MATERIAL  (LESS  DENSE 
MATERIAL)  ASTM  E  IBB  SEVERITY 
LEVEL  3.11-1,  1/4  INCH  (DROSS) 


FIGURE  26.  GRADE  B  RADIOGRAPHIC  SEVERITY  LEVEL  PER  MIL-C-6021 


ALLOY  A356-T6. 

GAS  POROSITY,  ELONGATED 
GRADE  C 


85-00239'  19A 


ALLOY  A3B7-T6. 

FOREIGN  MATERIAL,  LESS 
DENSE,  GRADE  C  (DROSS) 


BS00239-19B 


ALLOY  A201 , 

SPONGE  SHRINKAGE, 
GRADE C 


85-00239- 1 9C 


THESE  PHOTOGRAPHS  WERE  REPRODUCED  FROM  THE  RADIOGRAPHIC  FILM. 
ACTUAL  SIZE 


FIGURE  27.  RADIOGRAPHIC  DEFECTS  IN  TENSILE  TEST  BARS,  SHELL 

INVESTMENT  CASTINGS 


RADIOGRAPHIC  GRADE 
OF  DROSS 


RADIOGRAPHIC  GRADE  OF 
GAS  POROSITY 


FIGURE  28.  EFFECT  OF  DROSS  AND  GAS  POROSITY  ON  THE  TENSILE 
PROPERTIES  OF  SHELL  INVESTMENT  CAST  A357-T6 


RADIOGRAPHIC  QUALITY  GRADE  OF  DROSS 


FIGURE  29.  EFFECT  OF  DROSS  ON  THE 
TENSILE  PROPERTIES  OF  SAND 
COMPOSITE  CAST  A357-T6 


ductility  decreased  accordingly.  The  yield  strength  was  not  significantly  af¬ 
fected. 

2.  ALLOY  A356  SAND  COMPOSITE  AND  SHELL  INVESTMENT  PLATES 
a.  Composition 

Iron  and  magnesium  contents  of  the  melt  were  varied  so  their  effect  on 
the  tensile  properties  of  alloy  A356  in  the  T6  heat  treated  condition  could  be 
determined.  Magnesium  is  important  because  it  acts  as  a  strengthener;  the 
precipitate  of  Mg£Si  hardens  the  alloy  during  artificial  aging  to  the  T6  con¬ 
dition.  Iron  embrittles  the  alloy  due  to  the  formation  of  an  intermetal  1  ic 
compound  of  FeSiAlg  which  is  insoluble  and  appears  as  a  needle-like  compound 
in  the  microstructure.  The  variations  in  melt  composition  were  as  follows: 


MIL-A-2 1 180 

Melt  Composition 

Specification 

Target 

(%) 

Requirement 

Val  ues 

Sand 

Shell 

(%) 

(%) 

Composite 

Investment 

0.20/0.40 

0.20 

0.20 

0.22 

Magnesium 

0.30 

0.27 

Not  obtained 

0.35 

G.33 

0.32 

0.40 

0.40 

0.39 

0.20  Iron 

0.05 

0.08 

0.06 

Maximum 

0.10 

0.13 

0.10 

0.15 

Not  obtained 

0.12 

(1)  Magnesium 


The  results  (Figures  30  and  31)  indicated  a  very  significant  in- 
rease  in  tensile  strength  and  corresponding  decrease  in  ductility  when  amounts 
of  magnesium  were  increased.  The  results  were  Identical  for  material  cast  by 
the  sand  composite  and  shell  investment  molding  methods.  Higher  elongation 
values  were  evident  in  the  sand  composite  molded  cast  plates. 

(2)  Iron 

The  effects  of  variations  in  amounts  of  iron  (Figures  32,  33  and 
34)  indicated  no  significant  effect  on  tensile  strength,  although  ductility 
was  reduced  significantly  in  the  shell  investment  molded  plates.  Ductility  of 
the  sand  composite  plates  was  not  significantly  reduced  probably  due  to  the 
smaller  size  of  the  iron  compound  in  the  sand  composite  plates. 

b.  Heat  Treatment 

To  determine  the  significance  of  the  heat  treatment  process  varia¬ 
tions,  plates  produced  by  the  sand  composite  and  shell  investment  methods  were 
evaluated.  They  were  heat  treated  with  independent  variations  of  the  follow¬ 
ing  : 

1.  Solution  time 

2.  Quench  water  temperature 

3.  Delay  time  at  room  temperature 

4.  Artificial  aging  time. 

The  effects  of  each  of  the  variables  on  the  tensile  properties  of  the 
plates  were  plotted  on  a  graph  to  reveal  trends. 
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EFFECT  OF  IRON  CONTENT  ON  TENSILE  PROPERTIES  OF 
SHELL  INVESTMENT  CAST  A356-T6 
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FIGURE  33.  EFFECT  OF  IRON  CONTENT  ON  TENSILE  PROPERTIES 
OF  SAND  COMPOSITE  CAST  A356-T6 
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FIGURE  34.  EFFECT  OF  IRON  CONTENT  OF  A356-T6  SHELL  INVESTMENT 

CAST  STRUCTURE 


The  following  heat  treatment  processes  were  defined  as  standard  for 
plates  produced  by  each  molding  procedure: 

Process  Variable  Sand  Composite  Process  Shell  Investment  Process 

Solution  1000F  1000F 

temperature 

Solution  time  18  hours  18  hours 

Quenchant  Water  at  40F  25%  glycol -water 

at  room  temperature 

Delay  at  room  12  to  24  hours  12  to  24  hours 

temperature 

Artificial  aging  310F,  8  hours  310F,  5  hours 

(1)  Solution  Treatment  Time 

The  solution  times  investigated  were  periods  of  six,  twelve,  and 
eighteen  hours  with  the  sand  composite  and  four,  eight  and  eighteen  hours  with 
the  shell  investment  castings  at  1000F  (Figures  35  and  36).  Increased  solu¬ 
tion  times  only  produced  a  minor  beneficial  effect  on  the  ultimate  strength 
and  ductility  of  sand  composite  molded  (3/4-inch  thick)  and  shell  investment 
molded  (1/10-inch  thick)  plates.  Increasing  the  solution  period  resulted  in  a 
spheroidizing  effect  on  the  silicon  particles  (Figure  37). 

(2)  Quench  Water  Temperature 

The  effect  of  quench  water  temperatures  of  40,  100,  160,  and  212F 
was  evaluated.  Quench  water  temperature  was  found  to  have  had  very  little 
effect  on  the  1/10-inch  thick  shell  investment  molded  plates  (Figure  38).  All 
tensile  properties  on  sand  composite  plates  were  decreased  by  increasing  water 
temperature  (Figure  39).  The  differences,  of  the  sand  composite  molded  and 
shell  investment  molded  plates,  were  presumed  to  be  related  to  the  plate 
thickness.  Improvement  in  tensile  properties  of  3/4-inch  thick  plates  occurred 
with  the  use  of  colder  quench  water.  No  significant  improvement  in  ductility 
was  found. 


SOLUTION  TREATMENT  TIME  (HOURS  AT  1000F) 

FIGURE  36.  EFFECT  OF  SOLUTION  HEAT  TREATMENT  TIME  ON 
TENSILE  PROPERTIES  OF  SHELL  INVESTMENT  CAST  A356-T6 


FIGURE  36.  EFFECT  OF  SOLUTION  HEAT  TREATMENT  TIME  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A356-T6 


DAS  0.0018  INCH 
TENSILE  38-30-3 
SOLUTION  TIME,  4  HOURS 


85-00237-19.  20A 


DAS  0.0019  INCH 
TENSILE  39-30-6 
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SILICON  PARTICLES  LESS 
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FIGURE  37.  EFFECT  OF  SOLUTION  TREATMENT  TIME  ON  THE  CAST 
STRUCTURE  OF  SHELL  INVESTMENT  A356  T6 


QUENCH  WATER  TEMPERATURE  (F) 


FIGURE  38.  EFFECT  OF  QUENCH  WATER  TEMPERATURE  ON 
TENSILE  PROPERTIES  OF  SHELL  INVESTMENT  CAST  A356-T6 


QUENCH  WATER  TEMPERATURE  (F) 


FIGURE  39.  EFFECT  OF  QUENCH  WATER  TEMPERATURE  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A356-T6 


(3)  Delay  Period  at  Room  Temperature 

The  effect  of  aging  delay  was  investigated  for  periods  of  zero, 
one-half,  one,  and  three  days  between  the  quench  and  the  start  of  artificial 
aging  (Figures  40  and  41).  The  tensile  properties  of  shell  investment  molded 
plates  were  not  significantly  affected  by  the  aging  delay  period.  However, 
after  a  delay  period  of  one-half  day,  the  yield  strength  of  the  sand  composite 
molded  plates  showed  a  significant  decrease,  while  the  ductility  increased 
significantly.  The  change  in  yield  strength  and  ductility  during  the  first 
day  of  age  delay  can  not  be  explained  and  needs  further  investigation.  Duc¬ 
tility  improvements,  after  a  24-hour  room  temperature  delay  period  following 
the  quench,  have  been  reported  for  T6  material  (Reference  11). 

(4)  Artificial  Aging  Time 

The  effect  of  artificial  aging  time  at  310F  was  investigated. 
Sand  composite  plates  were  aged  for  zero,  four,  six,  eight,  and  ten  hours, 
while  shell  Investment  plates  were  aged  for  six,  eight,  ten,  twelve,  and  four¬ 
teen  hours.  The  results  (Figures  42  and  43)  clearly  indicated  the  importance 
of  aging  time.  As  the  aging  time  Increased,  the  strength  increased,  while 
ductility  was  reduced.  These  trends  are  well  known  for  precipitation  harden¬ 
ing  alloy  such  as  A356. 

c.  Solidification  Rate 

Variations  of  DAS  resulted  from  changes  in  the  solidification  rate. 
The  DAS  of  the  sand  composite  plate  was  changed  with  the  extent  of  chill  ma¬ 
terial  added  to  the  mold  (Figure  44).  The  DAS  of  the  shell  Investment  molded 
plates  was  changed  by  varying  the  mold  temperature  and  plate  thickness  (Fig¬ 
ures  45  and  46).  The  tensile  properties  decreased  with  an  increase  in  DAS. 


ARTIFICIAL  AGING  TIME  AT  310F  (HOURS) 


FIGURE  42.  EFFECT  OF  ARTIFICIAL  AGING  TIME  ON  TENSILE 
PROPERTIES  OF  SHELL  INVESTMENT  CAST  A356-T6 


AGING  TIME  AT310F  (HOURS) 


FIGURE  43.  EFFECT  OF  ARTIFICIAL  AGING  TIME  ON  TENSILE 
PROPERTIES  OF  SAND  COMPOSITE  CAST  A3B6-T6 
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FIGURE  44.  EFFECT  OF  METAL  CHILLS  ON  THE  MICROSTRUCTURE 

OF  SAND  CAST  A356-T6 
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FIGURE  46.  EFFECT  OF  DENDRITE  ARM  SPACING  ON  TENSILE 
PROPERTIES  OF  SAND  COMPOSITE  CAST  A356-T6 


By  varying  the  shell  Investment  plate  thicknesses,  various  solidifica¬ 
tion  rates  were  produced  that  caused  changes  in  the  microstructure  (Figure 
47). 

d.  Radiographic  f  il 1 ty 

Radiographic  quality  was  varied  in  this  investigation  to  represent  two 
levels.  The  higher  level  of  quality  was  equal  to,  or  better  than,  a  Grade  B 
per  MIL-C-6021.  This  represents  the  highest  quality  available  for  production 
castings  and  is  usually  required  in  high-stress  areas  of  premium  quality  cast¬ 
ings.  The  lower  levels  of  qualities  investigated  were  Grades  C  and  D  per  MIL- 
C-6021.  The  types  of  radiographic  defects  evaluated  were: 

1.  Dross  (less  dense  material) 

2.  Shrinkage  sponge 

3.  Porosity. 

These  defects  are  the  most  prevalent  causes  for  rejection  of  MIL-A- 
21180  aircraft  castings.  All  types  of  defects  in  each  alloy  were  not  produced 
in  plates  cast  from  each  molding  process.  The  tensile  properties  of  specimens 
representing  the  two  levels  of  radiographic  quality  are  shown  in  Figures  48, 
49,  50,  and  51.  In  each  instance,  when  the  quality  level  changed  from  Grade  B 
or  better,  to  Grade  C  or  D,  the  ultimate  strength  and  ductility  decreased 
significantly.  The  yield  strength  was  not  significantly  affected. 

3.  ALLOY  A201  SAND  COMPOSITE  AND  SHELL  INVESTMENT  PLATES 

a.  Composition 

The  chemical  elements  of  A201 :  copper,  silver,  and  magnesium,  contri¬ 
bute  to  its  strength.  These  three  elements  form  precipitates  during  aging  to 
strengthen  the  alloy.  Iron  is  an  impurity  that  forms  an  insoluble  compound 
that  reduces  the  ductility  of  the  alloy.  Silicon  is  also  an  impurity,  that 


PLATE  THICKNESS  0.13  INCH 
DAS  0.003  INCH 


PLATE  THICKNESS  0.40  INCH 
DAS  0.005  INCH 


PLATE  THICKNESS  1.10  INCH 
DAS  0.008  INCH 
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FIGURE  47.  EFFECT  OF  PLATE  THICKNESS  ON  THE  MICROSTRUCTURE 
OF  SHELL  INVESTMENT  CAST  A356-T6 
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RADIOGRAPHIC  GRADE 
OF  GAS  POROSITY 

FIGURE  48,  EFFECT  OF  GAS  POROSITY 
ON  TENSILE  PROPERTIES  OF  SHELL 
INVESTMENT  CAST  A356-T6 
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FIGURE  49.  EFFECT iOF  SHRINKAGE  POROSITY 
ON  TENSILE  PROPERTIES  OF  SHELL 
INVESTMENT  CAST  A356-T6 
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FIGURE  51.  EFFECT  ON  RADIOGRAPHIC  GRADE 
OF  SHRINKAGE  ON  THE  TENSILE  PROPERTIES 
OF  SAND  COMPOSITE  CAST  A356  T6 
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possibly  forms  an  eutectic  compound  which  Is  vulnerable  to  Incipient  melting 
during  heat  treatment.  The  composition  variations  were: 


M1L-A-21180 

Melt  Composition 

Specification 

Target 

(X) 

Requirement 

Values 

Sand 

Shell 

(X) 

t 

Composite 

Investment 

0.15-0.35 

0.15 

0.07 

0.16 

Magnesium 

0.25 

Not  obtained 

0.26 

0.30 

0.29 

0.29 

0.35 

0.35 

0.35 

4. 0-5.0 

4.4 

4.1 

4.1 

Copper 

4.6 

4.4 

4.7 

4.8 

4.5 

4.8 

5.0 

5.0 

5.0 

0.4-1. 0 

0.4 

0.4 

0.4 

Silver 

0.6 

0.6 

0.6 

0.8 

0.8 

0.8 

1.0 

1.0 

1.0 

0.10 

0.06 

0.04 

0.06 

Maximum 

0.10 

0.10 

0.09 

Iron 

0.15 

0.16 

0.15 

0.20 

Not  obtained 

0.20 

0.05 

0.05 

0.05 

0.05 

Maximum 

0.10 

0.09 

0.09 

Silicon 

0.15 

0.11 

0.14 

0.20 

Not  obtained 

0.20 

(1)  Magnesium 


The  affect  of  magnesium  on  the  tensile  properties  of  plates  cast 
by  both  molding  procedures  was  similar  with  the  exception  of  the  investment 
cast  plates  with  0.16%  magnesium  content.  Increasing  the  magnesium  content 
resulted  in  an  increase  of  strength  but  a  decrease  of  ductility  as  shown  in 
Figures  52  and  53. 

(2)  Copper 

Increased  copper  content  resulted  in  significant  increases  in 
strength  and  ductility  of  sand  composite  molded  plates  (Figure  54).  It  was 
unusual  that  the  ductility  varied  in  the  same  manner  as  the  strength  proper¬ 
ties.  More  evaluation  is  needed  to  clarify  this  effect.  The  tensile  strength 
and  ductility  of  shell  investment  molded  plates  varied  only  slightly  with  in¬ 
creasing  copper  contents  (Figure  55). 

(3)  Silver 

Silver  had  a  very  significant  influence  on  the  tensile  proper¬ 
ties.  In  general,  higher  contents  increased  the  strength  and  decreased  the 
ductility  for  both  sand  composite  and  shell  investment  molded  plates  (Figures 
56  and  57).  The  ultimate  and  yield  strengths  of  the  sand  composite  molded 
plates  reached  a  maximum  at  0.6  percent  and  then  remained  constant  with  fur¬ 
ther  increases  of  silver.  The  strength  of  the  shell  investment  molded  plates 
continued  to  increase  after  a  slight  inflection,  between  0.4  and  0.6  percent 
silver.  A  content  of  0.6  percent  has  previously  been  reported  as  nearly  opti¬ 
mum  for  strength  properties  in  the  T6  heat  treat  condition  (Reference  12). 


MAGNESIUM  CONTENT  (PERCENT) 


FIGURE  53.  EFFECT  OF  MAGNESIUM  CONTENT  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE 
CAST  A201-T7 
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FIGURE  57.  EFFECT  OF  SILVER  CONTENT  ON  TENSILE 
PROPERTIES  OF  SAND  COMPOSITE  CAST  A201-T7 


Increasing  iron  contents  reduced  the  ultimate  and  yield 
strengths  of  Investment  process  plates  but  had  little  effect  on  the  ductility 
which  varied  from  7  to  4  percent.  However  the  higher  ductility  of  the  sand 
composite  molded  plates  was  reduced  from  11  percent  to  5  percent  with  increas¬ 
ing  iron  contents.  The  ultimate  and  yield  strengths  of  sand  composite  molded 
plates  did  not  vary  significantly  with  changing  iron  contents.  These  results 
are  shown  in  Figures  58  and  59.  The  effect  of  high  iron  content  to  form  a 
needlelike  constituent  in  the  microstructure  is  shown  In  Figure  60. 

(5)  Silicon 

The  effect  of  silicon  is  shown  in  Figures  61  and  62.  Strength 
of  the  sand  composite  and  investment  molded  plates  was  improved  with  an 
Increase  of  silicon  from  0.05  to  0.11  percent  but,  ductility  was  signifi¬ 
cantly  reduced.  High  silicon  content  is  reported  to  lower  the  nonequilibrium 
eutectic  temperature  of  the  alloy.  This  makes  the  alloy  more  vulnerable  to 
incipient  melting  during  solution  heat  treatment.  It  has  been  suggested  that 
the  silicon  eutectic  is  a  quarternary  compound  of  Al-Cu-Mg-Si  which  melts  at 
about  930F  (Reference  13). 

b.  Heat  Treatment 

The  heat  treat  process  variables  evaluated  were: 

1 .  Solution  time 

2.  Quench  water  temperature 

3.  Age  delay  period 

4.  Artificial  aging  time. 

Tensile  specimens  were  excised  from  sand  composite  and  shell  invest¬ 
ment  plates  which  represented  each  of  the  variables.  The  results  were 
plotted  to  determine  the  significance  of  each  variable  on  the  tensile 
properties  of  the  alloy. 
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FIGURE  59.  EFFECT  OF  IRON  CONTENT  ON  TENSILE 
PROPERTIES  OF  SAND  COMPOSITE  CAST  A201-T7 
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FIGURE  62.  EFFECT  OF  SILICON  CONTENT  ON  TENSILE  PROPERTIES 
OF  SAND  COMPOSITE  CAST  A201-T7 
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(1)  Solution  Time 

In  this  Investigation  the  solution  time  periods  at  985F  were  six, 
twelve,  and  eighteen  hours.  The  effect  of  this  variation  on  the  tensile  prop¬ 
erties  resulted  in  minor  Improvements  in  ductility  with  the  longer  solution 
times  (Figures  63  and  64). 

(2)  Quench  Water  Temperature 

The  quench  water  temperatures  investigated  varied  from  40  to 
212F.  Increasing  the  quench  water  temperature  resulted  in  a  minor  loss  of 
properties  (Figures  65  and  66).  Although  the  effect  on  resistance  to  stress 
corrosion  cracking  was  not  determined,  there  is  evidence  that  slower  quench 
rates  may  relate  to  less  stress  corrosion  cracking  resistance. 

(3)  Delay  Period  at  Ambient  Room  Temperature 

The  age  delay  periods  Investigated  were  zero,  one-half,  one, 
three,  and  five  days  (Figures  67  and  68).  After  a  one-day  delay,  the  strength 
and  ductility  of  the  sand  composite  molded  plate  showed  significant  improve¬ 
ment.  Apparently  the  shell  investment  plate  properties  were  not  significantly 
affected  by  the  delay  period,  but  the  small  amount  of  data  made  this  difficult 
to  evaluate.  No  benefit  was  found  after  delay  periods  of  one-half,  one, 
three,  and  six  days,  followed  by  artificial  aging  to  the  T7  condition  (Refer¬ 
ence  14). 

(4)  Artificial  Aging  Time 

In  this  investigation,  artificial  aging  times  of  zero,  three, 
five,  and  seven  hours  at  an  aging  temperature  of  370F  were  used  (Figures  69 
and  70).  Artifical  aging  increased  the  tensile  strength  and  decreased  the 
ductility  significantly.  Overaging  started  after  five  hours  causing  the 
tensile  strengths  to  decrease. 
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FIGURE  63.  EFFECT  OF  SOLUTION  HEAT  TREATMENT 
TIME  ON  TENSILE  PROPERTIES  OF  SHELL 
INVESTMENT  CAST  A201-T7 
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FIGURE  64.  EFFECT  OF  SOLUTION  HEAT  TREATMENT  TIME  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A201-T7 
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QUENCH  WATER  TEMPERATURE  (F) 

FIGURE  66.1  EFFECT  OF  QUENCH  WATER  TEMPERATURE  ON 
TENSILE  PROPERTIES  OF  SAND  COMPOSITE  CAST  A201-T7 
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FIGURE  67.  EFFECT  OF  DELAY  TIME  AT  ROOM  TEMPERATURE 
ON  TENSILE  PROPERTIES  OF  SHELL  INVESTMENT  CAST  A201-T7 
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c.  Grain  Size 


Grain  size  was  varied  by  changing  the  solidification  rate  and  the  pro¬ 
cedure  for  adding  grain  refiner  to  the  melt.  In  the  sand  composite  molding 
process,  changes  in  grain  size  were  made  by  varying  the  amount  of  metal  chill 
included  in  the  mold  (Figure  71).  Grain  size  variations  in  the  shell  invest¬ 
ment  molds  were  controlled  by  the  temperature  of  the  shell.  For  comparison, 
the  grain  size  of  A201  plates  was  also  varied  by  changes  in  the  grain  refining 
melt  procedure  (Figures  72  and  73). 

Smaller  grains  produced  significant  improvement  in  ultimate  strength 
and  ductility  of  shell  investment  cast  plates.  This  was  most  evident  between 
O.D020-and  0. 0030-inch  grain  size  although  the  data  was  widely  scattered  (Fig¬ 
ures  74  and  75).  Changes  in  grain  size  between  (1.0030  to  0.0060  inches  did 
not  significantly  affect  the  tensile  properties.  The  ductility  and  ultimate 
strength  of  the  sand  composite  plates  were  also  significantly  reduced  when  the 
grain  size  was  increased  from  0.0020  to  0.0030  inches.  The  yield  strength  was 
not  affected. 

d.  Radiographic  Qual ity 

Two  levels  of  radiographic  quality  was  evaluated.  The  highest  quality 
level  was  equal  to,  or  better  than,  a  Grade  B  per  MIL-C-6021.  This  represent- 
ed  the  highest  quality  available  for  production  castings  and  is  usually  re¬ 
quired  in  high-stress  areas  of  premium  quality  castings.  The  lower  qualities 
investigated  were  Grades  C  and  D  in  accordance  with  M I L-C-6021  grade  defini¬ 
tion.  The  types  of  radiographic  defects  evaluated  were: 

1.  Oross  (less  dense  material) 

2.  Shrinkage  sponge. 

The  tensile  properties  of  specimens  representing  the  two  general  le¬ 
vels  of  radiographic  quality  are  shown  in  Figures  76  and  77.  Generally,  when 
the  quality  level  was  reduced  the  ultimate  strength  and  ductility  decreased 
significantly,  although  the  yield  strength  was  also  reduced  when  the  dross 
content  of  the  sand  composite  plates  was  increased. 
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FIGURE  69.  EFFECT  OF  ARTIFICIAL  AGING 
TIME  ON  TENSILE  PROPERTIES  OF  SHELL 
INVESTMENT  CAST  A201-T7 
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FIGURE  73.  EFFECT  OF  GRAIN  REFINER  PROCEDURE  ON  THE  GRAIN  SIZE 
OF  SHELL  INVESTMENT  CAST  A201-T7 


PERCENT 


4.  EFFECT  OF  PROCESS  VARIABLES  ON  ELECTRICAL  CONDUCTIVITY  AND  HARDNESS 


Electrical  conductivity,  as  measured  in  terms  of  percent  International  An¬ 
nealed  Copper  Standard  (percent  IACS),  and  Rockwell  hardness  tests,  were  made 
on  each  sand  composite  and  shell  Investment  plate  or  tensile  specimen  excised 
from  the  plate.  The  results  from  the  heat  treatment  Investigations  have  been 
plotted  on  graphs  to  help  interpret  their  significance  (Figures  78  through 
83).  As  shown  In  these  figures,  both  electrical  conductivity  and  hardness  ap¬ 
pear  to  show  a  general  correlation  only  with  artificial  aging  times,  irrespec¬ 
tive  of  the  casting  method.  Conductivity  has  been  recognized  as  an  indicator 
of  the  general  heat  treatment  condition  of  A201  alloy.  This  trend  appears  to 

t  ■* '  * '  i 

also  hold  true  for  A357  alloy. 
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FIGURE  76.  EFFECT  OF  SHRINKAGE  AND  DROSS  ON  TENSILE 
PROPERTIES  OF  SHELL  INVESTMENT  CAST  A201-T7 
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RADIOGRAPHIC  GRADE  OF  DROSS 

FIGURE  77.  EFFECT  OF  DROSS  ON  THE 
TENSILE  PROPERTIES  OF  SAND 
COMPOSITE  CAST  A201-T7 
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SECTION  VII I 


OPTIMIZATION  OF  FOUNDRY  PROCESSES  AND  DOCUMENTATION 

1.  OPTIMIZATION  OF  FOUNDRY  PROCESS  CONTROLS 

An  evaluation  of  processing  variables  indicated  that  the  following  varia 
bles  require  close  foundry  control  to  obtain  consistently  high  tensile  proper 
ties. 


a.  Melt  Composition 

Variations  in  alloy  content  show  corresponding  changes  in  tensile 
properties;  therefore,  control  of  alloy  composition  is  an  important  factor  in 
processing.  The  effect  of  minor  variations  in  composition  can  be  compensated 
by  modifying  heat  treatment  procedures;  however,  production  schedules  are  best 
met  when  such  composition  variation  is  minimized  so  that  castings  of  several 
melts  can  be  heat  treated  in  a  single  lot. 

b.  Melt  Gas  Content 

Because  of  the  affinity  of  molten  aluminum  to  hydrogen,  the  melting 
procedure  requires  close  control  of  the  hydrogen  content  in  the  melt  to  pre¬ 
vent  formation  of  gas  porosity  during  solidification  of  the  casting.  Various 
types  of  equipment  are  used  to  monitor  the  hydrogen  content  of  the  melt.  The 
procedure  must  be  defined  and  followed  for  uniform  results. 

c.  Melt  Temperature 

A  sequence  of  events  related  to  the  melt  temperature  occurs  chronolog¬ 
ically  in  the  melting  process;  therefore,  it  is  necessary  that  melt  tempera¬ 
ture  be  controlled  during  melt  preparation  and  at  the  time  of  pour.  Melt 
temperature  must  be  controlled  to  produce  consistently  high  quality  castings. 
Pouring  temperature  of  the  melt  has  a  significant  effect  on  the  solidified 
structure  of  the  casting,  and  therefore,  to  ensure  consistent  casting  sound¬ 
ness  and  quality,  the  pouring  temperature  must  be  carefully  controlled  to 


within  a  few  degrees. 


d.  Molding  Materials  and  Assembly 

A  sand  composite  mold  Is  required.  This  Is  an  assembly  of  materials 
within  a  sand  mold  which  Is  engineered  to  obtain  the  direction  and  rate  of 
solidification  required  to  optimize  the  quality  of  casting.  If  the  type, 
size  or  location  of  the  material  in  the  sand  mold  is  changed,  the  desired 
effect,  on  casting  quality  and  properties  may  not  be  obtained. 

e.  Gating  and  Risering  System 

To  obtain  the  desired  casting  quality,  the  gating  and  risering 
system  is  designed  as  an  integral  part  of  the  molding  and  pouring  processes. 
The  gating  system  transfers  the  molten  metal  where  it  is  needed  with  minimum 
loss  of  temperature  and  minimum  turbulence.  Risers  maintain  a  reservoir  of 
molten  metal  to  fill  voids  that  occur  because  of  volumetric  shrinkage. 

Close  control  of  mold  assembly,  pouring  temperature,  gating,  and  risering  is 
necessary  for  consistent  results.  Thus,  permanent  gating  and  risering 
systems  must  be  rigged  on  the  casting  pattern  before  production  is  initiated. 

f.  Heat  Treatment 

Good  heat  treatment  procedures  must  be  rigorously  followed  to  take 
maximum  advantage  of  the  capability  of  the  material.  Procedures  are  neces¬ 
sary  to  define  each  step  of  the  heat  treatment,  particularly  the  times, 
temperatures,  load  density,  quenching  procedure,  and,  in  some  instances,  the 
aging  delay  time.  Although  these  process  variables  must  be  controlled,  the 
procedures  will  vary  for  any  particular  configuration  depending  on  the 
specific  equipment  and  skills  of  each  foundry.  It  is  Important  that  the 
foundry  document  these  procedures  for  each  casting  design. 


2.  OPTIMIZATION  OF  NDI  TECHNIQUES 


To  determine  the  acceptability  of  optimum  quality  material  by  NDI  tech¬ 
niques,  various  metallurgical  features  of  the  material  that  have  a  signifi¬ 
cant  influence  on  the  tensile  properties  were  evaluated.  Such  features  of 
A357  and  A201  cast  materials  are  radiographic  quality,  dendritic  arm  spacing 
(A357  only),  and  heat  treatment  response.  The  NDI  methods  for  evaluating 


these  characteristics 

are  as  follows: 

Material 

Variable 

Property 

Affected 

Inspection 

Method 

Test 

Procedure 

Internal  soundness 

UTS,  e 

Radiographic  inspection 

MIL-STD-00453 
Proposed  AMS 
specification 

Dendritic  Arm  Spacing 
(A357 ) 

UTS,  e 

Relationship  of  DAS/UTS 
established  by  testing 
attached  coupons 

Proposed  DAS 
specification 
Proposed  mater¬ 
ial  specifica¬ 
tion 

Heat  treat  aging 
response 

UTS,  YS, 

8 

Tensile  test  of  attached 
coupon 

ASTM  E8 

Proposed  mater¬ 
ial  specifica¬ 
tion 

a.  Internal  Soundness 

Existing  radiographic  procedures  used  to  evaluate  the  internal 
soundness  of  a  casting  are  described  in  MIL-STD-00453.  The  radiographic 
acceptance  criteria  are  defined  by  several  grades  of  quality  A.B.C,  and  D  in 
MIL-C-6021.  Grade  B  is  the  minimum  quality  grade  used  for  high  stress  areas 
of  castings  in  critical  applications. 

It  was  demonstrated  that  tensile  properties  are  severely  reduced  when 
the  test  material  included  areas  less  than  Grade  B  quality.  As  the  thickness 
of  the  material  increases,  the  capability  of  the  radiographic  process  to 
evaluate  the  material  decreases.  To  control  the  flaw  size  within  the  materi¬ 
al,  a  thickness  limit  of  the  material  must  be  imposed  or  the  radiographic 
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procedure  changed  to  obtain  a  higher  sensitivity  to  detect  flaws.  Therefore, 
before  a  test  casting  configuration  could  be  finalized,  it  was  necessary  to 
determine  the  maximum  casting  thickness  which  could  be  Inspected  for  a 
Grade  B  radiographic  quality. 

In  this  program,  both  the  thickness  limit  and  radiographic  procedure 
approaches  were  explored.  The  maximum  thickness  was  judged  to  be  just  less 
than  the  transition  thickness  where  Grade  C  quality  appeared  to  change  to 
grade  B.  The  procedure  used  to  determine  the  maximum  material  thickness  is 
described  in  detail  in  Appendix  C,  along  with  the  radiographic  technique. 
The  maximum  thickness  was  determined  by  using  cast  plates  of  flawed  material 
containing  either  gas  porosity,  sponge  shrinkage,  or  dross  that  was  judged 
by  three  NDI  Level  III  inspectors  to  be  of  Grade  C  quality.  The  flawed 
material  was  placed  within  a  stack  of  defect-free  wrought  plates  to  represent 
various  thicknesses.  Radiographs  were  taken  in  various  increments  of  thick¬ 
ness  until  the  quality  of  the  flawed  material  in  the  stack  appeared  to  change 
from  a  Grade  C  to  a  Grade  B  quality.  The  transition  thickness  varied, 
depending  upon  the  type  of  flaw  and  the  radiographic  procedure  used. 

Three  procedures  were  investigated  to  optimize  the  capability  of  the 
process.  The  first  procedure  was  considered  the  standard  process  that  would 
normally  be  used  when  MIL-STD-00453  is  required.  The  second  procedure 
differed  primarily  in  the  addition  of  a  beryllium  window  to  filter  out 


low-frequency  X-rays  and 

thereby 

intensify  the  X- 

ray  beam. 

In  the 

third 

procedure,  the  exposure 

results  were  as  follows: 

time  was 

increased  from 

45  to  180 

seconds. 

The 

Procedure 

Transition  Thickness 

(inch) 

Po rosity 

Shrinkage 

Dross 

Standard  (std) 

0.460 

0.380 

0.460 

Std  +  Beryllium  window 

0.740 

0.830 

0.640 

Std  +  4x  exposure 

0.640 

0.640 

0.640 
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Since  the  transition  thickness  represented  the  thickness  of  material  In  which 
an  apparent  change  to  the  higher  quality  level  of  Grade  6  was  first  noted, 
the  maximum  thickness  in  which  the  true  quality  was  accurately  visible  was 
the  prior  thickness  of  the  stacked  plates.  This  thickness  was  as  follows: 


Procedure 

Maximum  Acceptable  Thickness 

(inch) 

Porosity 

Shrinkage 

Dross 

Std 

0.380 

0.300 

0.380 

Std 

+  Be  window 

0.640 

0.740 

0.540 

Std 

+  4x  exposure 

0.540 

0.640 

0.540 

These  results  indicate  that  material  up  to  at  least  0.540  inch  thick  can  be 
accurately  inspected  by  using  either  a  beryllium  window  or  4x  normal  exposure 
time.  Since  the  desired  sensitivity  can  be  obtained  In  various  ways,  the 
following  requirements  added  to  M I L -STD -0 0453  will  provide  the  required 
capabil ity : 


1.  Type  I  film 

2.  Maximum  unsharpness  value 
of  0.003  inch  (0.08  mm) 

3.  Flaw  sensitivity  of  1  percent 

of  the  material  thickness  (1-2T). 

b.  NDI  Method  of  Evaluating  Microstructure  Refinement  (DAS) 

The  effect  of  microstructure  refinement  due  to  increased  solidifica¬ 
tion  rate  is  very  important  in  obtaining  optimum  tensile  properties  of  A357 
alloy.  As  demonstrated  in  previous  phases  of  the  program,  the  more  refined 
the  structure,  the  smaller  the  DAS  and  the  higher  the  tensile  properties. 
However,  the  effect  of  the  structure  on  tensile  properties  is  relative,  not 
absolute.  Therefore,  to  evaluate  the  acceptability  of  the  microstructure,  a 
tensile  property  and  DAS  relationship  must  be  established. 
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In  this  program,  the  acceptance  limit  for  DAS  of  the  microstructure 
of  each  casting  was  determined  by  evaluating  two  coupons  attached  to  each 
casting.  One  coupon  was  heavily  chilled  and  another  was  lightly  chilled  to 
provide  a  difference  in  the  DAS  structure  of  at  least  0.0010  inch.  The  DAS 
value  was  determined  on  the  surface  of  each  coupon  in  accordance  with  the 
proposed  specification  included  In  Appendix  H.  If  required,  further  accep¬ 
tance  determinations  were  obtained  from  a  metal lographic  specimen  excised 
from  the  tensile  specimen  that  were  taken  from  the  attached  coupons. 

After  the  tensile  properties  of  the  attached  coupon  were  determined, 
the  DAS/UTS  relationship  was  established  and  the  maximum  acceptable  size  DAS 
of  the  casting  was  determined  for  the  minimum  UTS  required.  The  maximum 
acceptable  DAS  may  be  determined  either  by  graphing  the  coupon  results  or  by 
calculation.  These  procedures  are  included  in  the  Appendix  H.  After  the 
maximum  DAS  size  was  determined,  random  spot  checks  for  DAS  on  the  castings 
were  used  to  determine  acceptability.  For  uniformity,  specific  DAS  test 
sites  were  chosen  for  production  acceptance  of  test  castings  evaluated  in  the 
previous  phase  of  the  program. 

Another  approach  to  the  evaluation  was  to  use  the  relationship 
of  DAS/UTS  found  in  the  qualification  test  castings.  This  relationship  could 
be  used  to  approximate  a  maximum  DAS  for  all  production  castings.  However, 
this  approach  is  not  believed  to  be  as  accurate  as  the  approach  described 
above,  since  variations  in  heat  treatment  may  occur  which  will  affect  the 
DAS/UTS  relationship.  The  value  of  establishing  the  DAS/UTS  for  each  casting 
is  that  the  effect  of  subtle  variations  in  processing  that  occur  from  casting 
to  casting  are  compensated  for  in  the  DAS/UTS  relationship. 

c.  NDI  Evaluation  of  Heat  Treatment  Aging  Response 

(1)  A357  Alloy 

The  heat  treat  response  can  be  evaluated  for  casting  accept¬ 
ability  by  determining  the  properties  of  a  tensile  specimen  excised  from 
a  coupon  attached  to  the  casting.  As  demonstrated  in  Phase  IB,  variations  in 
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heat  treatment  processing  for  solution  treatment,  quenching,  or  artificial 
aging,  will  affect  the  tensile  properties  of  the  material  in  its  final  aged 
condition.  The  yield  strength  of  the  material  is  more  sensitive  to  heat 
treatment  processing  variables  than  is  elongation  or  ultimate  tensile  strength. 
Soundness  and  microstructure  coarseness  do  not  significantly  affect  yield 
strength  but  do  not  affect  ultimate  strength  and  elongation.  For  this  reason, 
an  acceptable  range  of  yield  strength  was  selected  to  represent  properly  heat 
treated  material.  In  addition  to  the  yield  strength  range,  a  minimum  ultimate 
strength  equal  to  that  required  of  the  casting  was  required  to  be  exhibited  by 
the  tensile  specimen  excised  from  the  attached  coupon.  Properly  processed 
material  should  exhibit  a  capability  in  the  attached  coupon  to  meet  minimum 
ultimate  strength  values  for  the  range  of  yield  strength  values  established 
for  heat  treatment  control.  Hardness  testing  of  A357  was  also  used  to  confirm 
that  the  material  was  aged  to  the  T6  condition. 

(2)  A201  Alloy 

The  tensile  properties  of  an  attached  coupon  can  be  used  to  eval¬ 
uate  the  heat  treat  response  in  a  similar  manner  as  A357  alloy  except  that  (1) 
a  yield  strength  range  is  not  applicable  and  (2)  a  minimum  elongation  value  is 
necessary.  Since  the  aging  procedure  is  defined  in  the  specification  to  as¬ 
sure  a  T7  condition,  only  a  minimum  yield  strength  value  is  necessary  to 
verify  that  the  proper  age  was  used.  Hardness  and  electrical  conductivity  are 
also  ND I  tests  which  can  be  applied  to  provide  assurance  that  the  material  was 
aged  to  the  T7  condition.  The  minimum  elongation  value  provides  assurance 
that  the  grain  refining  procedures  were  adequate.  A  minimum  ultimate  strength 
requirement  of  the  attached  coupon  confirms  that  the  alloy  content  was  suffi¬ 
cient  to  develop  the  necessary  strength  when  properly  heat  treated.  For  these 
reasons,  a  minimum  ultimate  strength,  yield  strength,  and  elongation  valued 
for  the  attached  coupon  are  necessary. 
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3.  PROPOSED  MATERIALS  PROCUREMENT  SPECIFICATION 


Preliminary  specifications  were  updated  to  include  the  proposed  NDI 
methods  and  foundry  control  factors.  The  primary  differences  between  the 
proposed  and  the  existing  specification  requirements  of  MI L-A-2 1 180  are 
as  follows. 

H 

U 

a.  Composition 

The  proposed  specifications  limit  the  alloy  content  to  the  high  end 
of  the  composition  range  to  assure  high  strength  values.  The  alloy  content 
differs  from  the  military  specification  in  the  following  manner: 


M I L-A-2 1 180 

Proposed 

(*) 

(%) 

A357  Alloy 

Magnesium 

0.40  to  0.70 

0.55  -  0.65 

A201  Alloy 

Copper 

4.00  to  5.00 

4.50  -  5.00 

Magnesium 

0.15  to  0.35 

0.25  -  0.35 

Sil ver 

0.40  to  1.00 

0.50  -  1.00 

b.  Integrally  Attached  Coupons 

The  proposed  specifications  include  the  use  of  integrally  attached 
coupons  for  heat  treatment  control  and  for  establishing  the  DAS/UTS  relation¬ 
ship  in  A357.  Although  the  coupons  do  not  necessarily  represent  the  sound¬ 
ness  or  microstructure  of  the  casting,  the  yield  strength  property  of  the 
coupons  is  representative  of  the  casting.  The  DAS/UTS  relationship  of  A357 
castings,  as  determined  from  the  integral  coupons,  is  useful  in  verifying  the 
solidification  rate  effect  throughout  the  casting.  The  ultimate  strength 
property  of  the  coupon  confirms  that  the  alloy  composition  when  properly  heat 
treated  has  the  necessary  strength  capability,  and  the  elongation  property  of 
the  attached  A201  coupon  confirms  proper  grain  refinement  in  the  material. 
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c.  Radiographic  Quality 

The  sensitivity  required  In  MIt-A-21180  for  determining  unacceptable 
flaws  is  two  percent  of  material  thickness.  The  proposed  specifications 
require  a  technique  that  will  provide  a  sensitivity  of  one  percent  of  the  ma¬ 
terial  thickness,  a  maximum  limit  of  unsoundness  not  to  exceed  Grade  B  in  des¬ 
ignated  areas  using  Type  1  film,  and  a  maximum  geometric  unsharpness  factor  of 
0.003  inch. 

d.  Penetrant  Inspection  for  Surface  Quality 

For  clarification  purposes,  a  rejection  criterion  Is  included  in  the 
proposed  specifications  that  will  disallow  any  individual  pore  that  is  less 
than  twice  its  maximum  dimension  to  an  edge  or  extremity  of  the  casting  or 
where  the  pores  form  a  linear  indication;  that  is,  three  or  more  pores  in  a 
line  and  the  distance  between  each  indication  less  than  twice  the  maximum  di¬ 
mension  of  either  adjacent  indication. 

Also,  any  indication  that  is  five  times  longer  than  its  width  is  considered  a 
linear  indication  and  therefore  is  rejectable. 

The  proposed  specifications  include  a  general  statement  similar  to  MIL -A~ 
21180,  which  states  that  linear  indications,  cracks,  cold  shuts,  and  seams  are 
causes  for  rejection. 

e.  Casting  Identification 

In  the  proposed  specifications,  each  casting  is  required  to  be  identi¬ 
fied  by  a  raised  serial  number,  whereas  MIL-A-21180  requires  a  raised  heat 
number  which  may  be  the  same  for  all  castings  poured  over  an  eight-hour 
period. 


*  v  \  \ 
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SECTION  IX 


CASTING  PROPERTY  EVALUATION 

1.  INTRODUCTION 

In  this  section,  the  following  four  tasks  are  reported: 

1.  Qualification  Testing:  Four  foundries  were  selected  to  produce  test 
castings  for  the  determination  of  design  property  Information  for 
A3 57 -T 6  and  A201-T7  sand  composite  molded  castings.  Preproduction 
sample  castings  were  evaluated  to  determine  the  capability  of  the 
castings  to  meet  target  tensile  properties. 

2.  Production  and  Acceptance  Testing:  Production  castings  from  a 
minimum  of  five  melts  and  two  heat  treatment  lots  from  each  foundry 
were  inspected  for  acceptance  using  NDI  procedures  and  criteria. 
All  test  results  are  presented  in  detail  in  this  section. 

3.  Property  Test  Program:  A  testing  program  was  devised  to  obtain 
sufficient  specimens  for  MIl-HDBK-5  property  analysis  of  each  alloy, 
as  well  as  damage  tolerance  and  fatigue  information  from  test 
castings.  A  limited  amount  of  testing  was  included  to  determine 
the  effect  of  weld  Improvement  and  radiographic  unsoundness  on 
casting  properties. 

4.  Design  Property  Allowable  Determination:  The  MIL-HDBK-5  analysis 
procedure  was  used  for  determining  design  properties.  Battel le 
Columbus  Laboratories  performed  the  data  analysis. 

a.  Selection  of  Foundries 

Four  foundries  were  selected  for  the  production  of  test  castings 
needed  for  design  property  determination.  The  four  foundries  selected  repre¬ 
sented  small  and  large  foundries  that  have  previously  used  both  alloys  and  the 
sand  composite  molding  process  to  produce  premium  quality  castings  for  mili¬ 
tary  aerospace  weapon  systems.  The  selected  foundries  were: 
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UTS 

YS  e 

(ks  1 ) 

(ks i )  (%) 

A3 57  Alloy: 

Designated  area 

50 

40  5 

Nondesignated  area 

Grade  C 

-  radiographic  quality 

A201  Alloy: 

Designated  area 

60 

53  3 

Non-designated  area 

Grade  C 

-  radiographic  qual ity 

(2)  Melt  Composition 

Melt  samples  taken  at  the  foundry  were  required  to  conform  to 

the  following: 


A357  Alloy: 

Same  as  MIL-A-21180  except:  Magnesium  -  0.55-0.65% 
A201  Alloy: 

Same  as  MI L-A-2 1 180  except:  Copper  -  4.50  to  5.00% 

Silver  -  0. 50  to  1.00% 
Magnesium  -  0.25  to  0.35% 


(3)  Attached  Coupons 

A357  Alloy:  Two  coupons  were  attached  to  each  casting  and  re¬ 
mained  attached  until  removed  by  the  inspection  facility  after  all  processing 
was  completed.  One  of  the  two  coupons  was  more  heavily  chilled  to  provide 
a  minimum  difference  of  0.0010  inch  of  DAS  between  the  two  coupons.  Target 
DAS  values  were  0.0010  to  0.0015  inch  in  the  heavily  chilled  coupon.  Tensile 
properties  were  determined  for  information  only. 

A201  Alloy:  A  minimum  of  two  coupons  were  attached  to  each 
test  casting  and  remained  attached  until  removed  by  the  inspection  facility 
after  all  processing  was  completed.  The  tensile  properties  of  one  coupon 
were  determined  in  each  plate  for  information  only. 
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(4)  Miscellaneous  Tests  for  Information  Only 


The  following  tests  were  performed  for  information  only: 

1.  Hardness  testing 

2.  Penetrant  Inspection 

3.  Electrical  conductivity  (A201  only). 


(5)  Fracture  Toughness  Block 

A  qualification  requirement  for  the  fracture  toughness  test 
block  (Figure  85)  was  that  an  excised  tensile  specimen  be  capable  of  meeting 
the  minimum  target  tensile  properties  agreed  upon  for  the  designated  area  of 
the  step  plate  casting.  (Separate  blocks  were  cast  for  the  fracture  toughness 
test  in  an  effort  to  obtain  valid  Kjc  values.) 

b.  Test  Results,  A357  Alloy 

The  results  obtained  from  A357-T6  qualification  tests  of  three  step 
plates  and  one  fracture  toughness  block  submitted  by  each  foundry  are 
as  follows: 


(1)  Tensile  Properties 

Supplier  Material 

Magnesium  Step  Plates 

Alloy  Products 


Tensile  Properties  of  Specimens 
from  Designated  Area 


Plate 

UTS 

(ksi) 

YS 

(ksi) 

e 

(*) 

1 

53.7 

44.7 

8.9 

1 

53.6 

43.9 

8.4 

1 

54.9 

45.9 

8.8 

1 

53.8 

45.9 
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ADD  TWO  INTEGRAL 
:ST  COUPONS  1/2"  X  1/2"  X  3 
LOCATION  OPTIONAL 


FIGURE  85.  FRACTURE  TOUGHNESS  BLOCK  CASTING 


Supplier 


Material 


Tensile  Properties  of  Specimens 
from  Designated  Area 


Magnesium 
Alloy  Products 


UTS 

YS 

e 

Step  Plates 

Plate 

(ksl) 

(ksl) 

(%) 

1 

54.4 

46.8 

7.4 

2 

54.3 

45.0 

9.0 

2 

54.1 

44.4 

10.2 

2 

54.2. 

44.9 

8.2 

2 

54.3 

46.5 

5.6 

2 

51.6 

42.3 

6.8 

3 

53.2 

42.7 

8.5 

3 

53.4 

42.7 

10.9 

3 

54.0 

45.3 

6.8 

Minimum 

51.6 

42.3 

5.6 

Maximum 

54.9 

46.8 

10.9 

Kjc  test  block 

51.4 

43.3 

6.0 

Supplier  Material 

Teledyne  Cast  Step  Plates 
Products 


Minimum 
Maximum 
Klc  test  block 


Tensile  Properties  of  Specimens 
from  Designated  Area 


Plate 

UTS 
(ksi ) 

YS 

(ksi) 

e 

(%) 

1 

51.0 

43.8 

6.3 

1 

50.1 

45.6 

4.2* 

1 

52.1 

43.9 

9.9 

2 

53.5 

45.9 

7.3 

2 

53.4 

46.5 

6.7 

2 

54.3 

46.5 

8.6 

2 

51.7 

46.5 

5.3 

2 

52.8 

46.6 

5.6 

2 

50.8 

45.1 

7.3 

2 

51.7 

45.9 

6.1 

3 

53.9 

45.3 

8.8 

3 

52.3 

44.8 

6.2 

50.1 

43.8 

4.2 

54.3 

46.6 

9.9 

52.3 

45.9 

5.0 

*Broke  outside  gage  length. 
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Suppl ler 

Material 

Tensile  Properties 

DAS 

Magnesium 

Alloy  Products 

Attached 

coupons 

PI  ate 

UTS 

(ksi) 

VS 

(ksi) 

e 

(*) 

(x  10-4 
inches) 

1A 

53.1 

46.9 

4.1 

17 

IB 

52.6 

45.4 

3.7 

25 

2A 

52.5 

45.2 

6.2 

10 

2B 

53.0 

46.8 

3.3 

21 

3A 

52.6 

44.5 

6.0 

14 

3B 

52.1 

44.8 

4.3 

16 

Tel edyne 

Cast  Products 

Attached 

coupons 

1A 

52.0 

44.3 

10.8 

9 

IB 

46.8 

41.7 

3.7 

20 

2A 

53.7 

45.3 

11.6 

10 

2B 

46.5 

44.4 

3.0 

20 

3A 

52.1 

43.2 

10.8 

7 

3B 

46.4 

41.9 

2.8 

20 

(2)  Radiographic  Inspection 

The  designated  area  of  the  step  plates  and  the  fracture  toughness 
blocks  met  the  Grade  B  quality  criteria  of  MIL-C-6021.  The  remaining  undesig¬ 
nated  areas  of  the  step  plates  varied  between  Grade  B  and  Grade  C  qualities. 

(3)  Penetrant  Inspection 

No  linear  indications  were  evident  in  any  of  the  qualification 
castings  from  either  Magnesium  Alloy  Products  or  Teledyne  Cast  Products. 

(4)  Hardness  Test 

The  step  plates  varied  in  hardness  from  HRE  90  to  97.  The  hard¬ 
ness  determinations  were  obtained  for  information  only  to  properly  character¬ 
ize  heat  treated  A357  alloy  in  the  T6  condition. 


(5)  Melt  Composition 


The  following  compositions  were  reported  by  the  two  foundries: 


Element 

Magnesium 

Alloy  Products 

Tel  edyne 
Cast  Products 

(Content  %) 

(Content  %) 

Silicon 

6.70 

7.00 

Magnesium 

0.59 

0.60 

Iron 

0.11 

0.09 

Titanium 

0.14 

0.13 

Beryl  1 ium 

0.06 

0.05 

Manganese 

0.10 

Nil 

Zinc 

0.01 

0.01 

Copper 

0.01 

0.01 

A1 uminum 

Remainder 

Remainder 

(6)  Summary  and  Conclusions 

Magnesium  Alloy  Products  and  Teledyne  Cast  Products  demonstrated 
that  their  processes  were  capable  of  producing  A357-T6  material  that  would 
meet  (1)  target  properties  of  50  ksi  UTS,  40  ksi  YS,  and  5-percent  elongation 
in  the  fracture  toughness  blocks  and  designated  area  of  the  step  plate,  (2) 
Grade  C  or  better  radiographic  quality  in  the  undesignated  areas  of  the  step 
plates,  (3)  melt  composition  requirements  with  restricted  magnesium  content, 
(4)  acceptable  surface  quality,  and  (5)  DAS  requirements  of  attached  coupons, 
with  the  exception  that  those  produced  by  Magnesium  Alloy  Products  did  not 
show  an  acceptable  variance  in  the  DAS  value  of  the  attached  coupons.  Approv¬ 
al  was  given  to  both  foundries,  with  the  condition  that  Magnesium  Alloy 
Products  would  develop  an  acceptable  method  of  producing  attached  coupons  to 
the  step  plates  that  would  show  a  minimum  of  a  0.0010-inch  spread  in  DAS 


c.  Test  Results,  A201  Alloy 


(1)  Tensile  Properties 

A201-T7  Step  Plates  and  Fracture  Toughness  Blocks  exhibited  the 
following  tensile  properties: 

Supplier  Material  Tensile  Properties  of  Specimens 

Excised  from  the  Designated  Area 

UTS  YS  e 

Smithford  Step  plates  Plate  (ksi)  (ksi)  (%) 

Products  Co. 

1  62.1  56.1  14.0 

1  61.2  55.1  10.0 

1  68.4  62.5  8.2 

1  69.0  62.7  7.0 

1  68.6  62.2  7.2 

2  60.4  54.2  14.0 

2  66.3  59.8  8.5 

2  60.5  54.2  10.0 

2  67.9  62.1  5.0 

3  61.5  55.2  10.0 

3  66.2  59.5  7.4 

3  60.2  53.5  12.0 

3  68.6  62.1  7.5 

Minimum  60,2  54.2  5.0 


Maximum 


69.0 


62.7 


14.0 


Suppl ier 


Morris  Bean 
and  Company 


Material  Tensile  Properties  of  Specimens 
Excised  from  the  Designated  Area 


Step  plates  Plate 

1 

1 

1 

2 

2 

2 

3 

3 

3 

3 

3 

3 

Minimum 

Maximum 


uts  ys 

(ksi )  (ksi)  ( 

63.9  57.2  6. 

65.7  58.4  9. 

63.2  56.4  7.1 

65.0  58.1  5. 

67.0  59.2  9.; 

63.0  56.4  6. 

65.5  58.  1  7.' 

64.4  57.3  9.: 

66.5  59.4  8.< 

65.5  58.4  10.: 

64.4  57.3  8.1 

64.4  57.6  7.1 

63.0  56.4  5.: 

67.0  59.4  in  ' 


**  it 


Suppl ler 


Material 


Tensile  Properties  of  Specimens 
Excised  from  the  Designated  Area 


UTS 

YS 

e 

Plate 

(ksi) 

(ksi) 

(%) 

Smithford 

Fracture 

68.8 

59.9 

5.0 

Products  Co. 

toughness 

blocks 

Morris  Bean 

Fracture 

64.9 

59.1 

6.5 

and  Company 

toughness 

block 

Smithford 

Attached 

1 

62.3 

58.0 

10.0 

Products  Co. 

coupons 

2 

63.8 

58.2 

9.0 

3 

61.0 

55.7 

8.0 

Morris  Bean 

Attached 

1 

65.6 

57.8 

9.6 

and  Company 

coupons 

2 

65.0 

57.0 

8.9 

3 

65.7 

58.0 

10.8 

(2)  Radiographic  Inspection 

Smithford  step  plates  were  classified  Grade  B  in  the  designated 
area.  Non-designated  areas  exhibited  round  gas  porosity  and  scattered  amounts 
of  shrink  sponge  and  shrink  cavities  in  the  remaining  areas  of  the  casting 
which  were  of  Grade  C  quality.  All  areas  of  the  Morris  Bean  step  plates  were 
classified  Grade  B  or  better  although  there  were  Indications  of  dross  and  gas 
holes. 


(3)  Penetrant  Inspection 


All  step  plates  were  acceptable. 


(4)  Melt  Composition 


The  following  melt  compositions  were  reported  by  the  foundries 


Element 

Smithford 
Products  Co. 
(Content  %) 

Morris  Bean 
and  Company 
(Content  %) 

Copper 

4.75 

4.68 

Sil icon 

0.04 

0.02 

Magnesium 

0.29 

0.  29 

Iron 

0.03 

0.03 

Manganese 

0.29 

0.29 

Titanium 

0.28 

0.  20 

Sil ver 

0.51 

0.51 

(5)  Hardness  Tests 

The  following  hardness  test  results  were  reported  by  the  found 


Foundry 

Plate 

HRB 

Smithford 

1 

76.5 

Products  Co. 

2 

72.0 

3 

75.0 

Morris  Bean 

1 

78.6 

and  Company 

TC  rt 

(6)  Electrical  Conductivity 

The  following  electrical  conductivity  test  results  were  ob¬ 
tained  : 


Foundry 

Plate 

IACS  (%) 

Smithford 

1 

32.0 

Products  Co. 

2 

31.5 

3 

31.0 

Morris  Bean 

1 

31.4 

and  Company 

2 

31.5 

3 

31.0 

(7)  Summary  and  Conclusions 

Smithford  Products  Company  and  Morris  Bean  and  Company  each 
demonstrated  capability  to  produce  step  plates  and  fracture  toughness  castings 
to  the  desired  quality.  Both  foundries  were  approved  for  production  on  the 
basis  of  these  results.  It  should  be  noted  that  although  both  foundries  had 
produced  premium  quality  castings  for  aerospace  applications  for  a  number  of 
years,  several  trial  efforts  were  necessary  before  castings  were  made  which 
met  the  requirements  for  process  approval. 

3.  PRODUCTION  ACCEPTANCE  TESTING 

a.  Introduction 

After  qualification  approval  each  foundry  was  requested  to  cast  15 
step  plates  and  5  fracture  toughness  blocks.  The  castings  were  to  be  produced 
from  a  minimum  of  five  melts  and  two  heat  treatment  lots  at  each  foundry.  In 
addition,  each  foundry  was  requested  to  produce  three  step  plates  with  radio- 
graphic  quality  worse  than  Grade  C  per  MIL-C-6021  in  the  designated  area  and 
three  additional  plates  each  with  a  weld  bead  across  the  designated  area  in  a 
60-degree  groove  0.25  inch  deep. 
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The  test  castings  were  to  be  produced  in  accordance  with  the  produc¬ 
tion  control  procedures  used  in  the  production  of  the  qualification  plate', 
and  the  acceptance  criteria  described  herein.  Discussions  were  held  with  the 
participating  foundries  to  clarify  acceptance  criteria.  The  NDI  criteria 
were  based  on  the  acceptance  test  procedures  defined  in  Phase  IA  and  the 
results  of  the  qualification  tests. 

b.  Acceptance  Criteria 


(1)  A357-T6  test  castings 

The  following  inspection  test  methods  and  criteria  of  accep¬ 
tance  were  developed  for  A357-T6  castings: 


Test  Method  Acceptance  Criteria 

Radiographic  inspection  per  Grade  B  per  MI L-C -602 1  minimum 

MI L-STD-00453  (1%  t,  0.003  in  designated  area;  Grade  C 

inch  UG,  Type  1  film)  minimum  all  other  areas 

Flourescent  penetrant  per  No  linear  indications 

AMS  2645 


Tensile  test  attached  coupon  Minimum  of  50  ksi  UTS,  42  to 
per  ASTM  B557  47  ksi  YS 

DAS  measurement  by  proposed  Maximum  size  determined  by  UTS/ 

AMS  method  DAS  relationship  of  attached 

coupons  for  50  ksi  UTS 


In  addition,  each  foundry  was  to  supply  a  spectrog raphic 
analysis  of  each  melt,  heat  treatment  certifications,  and  individual  cast 
serial  numbers  on  each  step  plate.  The  melt  chemistry  was  to  be  in  accor¬ 
dance  with  MIl-A-21180  except  that  the  magnesium  content  was  to  be  maintained 
within  a  range  of  0.55  to  0.65  percent  instead  of  the  specified  range  of  0.40 
to  0.7  percent.  The  acceptance  criteria  for  the  fracture  toughness  blocks 


were  the  same  as  for  the  step  plates,  except  that  the  radiographic  quality 
could  not  be  validated  because  of  the  thickness  of  the  block. 

(2)  A201-T7  Test  Castings 

The  following  test  methods  and  criteria  of  acceptance  for 
A201-T7  were  developed: 

Test  Method  Acceptance  Criteria 

Radiographic  Inspection  per  Grade  B  per  MIL-C-6021  in 
MIL-STD -00453  (1%  t,  0.003  designated  area;  Grade  C  in 

inch  Ug,  Type  1  film)  all  other  areas 

Fluorescent  penetrant  per  No  linear  indications 

AMS  2645 

Tensile  test  attached  Minimum  of:  60  ksi  UTS 

coupon  55  ksi  YS 

5%  elongation 

Hardness  per  ASTM  E18  Minimum  of  HRB  70 

Electrical  conductivity  Minimum  of  31%  IACS 

per  M I L -STD -1537 

In  addition,  each  foundry  was  requested  to  supply  a  spectro- 
graphic  analysis  of  each  melt,  heat  treatment  certifications,  and  Individual 
cast  serial  numbers  on  each  plate ;  The  melt  composition  was  to  be  in  accor¬ 
dance  with  specification  M I L-A-21 180 ,  except  for  the  following: 

Copper  4.5  to  5.0% 

Silver  0.5  to  1.0% 

Magnesium  0.25  to  0.35% 

c.  A357-T6  Test  Results 

(1)  Teledyne  Cast  Products  Test  Castings 

Melt  Chemistry  -  As  shown  in  Table  9,  the  five  melts  all  met 
the  composition  acceptance  limits.  The  magnesium  content  was  maintained  in 
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the  upper  portion  of  the  composition  range  and  the  Iron  was  consistently  in 
the  lower  portion  of  the  composition  range. 


TABLE  9.  TELEDYNE 

CAST  PRODUCTS 

COMPANY 

(A357 )  FOUNDRY  MELT 

ANALYSIS 

El ement 

Acceptance 
Limits  (%) 

4913 

4203 

Melt 

4213 

4223 

9193 

Sil icon 

6.50  to  7.50 

6.80 

6.80 

6.80 

6.80 

6.60 

Magnesium 

0.55  to  0.65 

0.59 

0.60 

0.59 

0.60 

0.64 

Titanium 

0.10  to  0.20 

0.17 

0.15 

0.16 

0.15 

0.12 

Beryl  1 ium 

0.04  to  0.07 

0.06 

0.06 

0.07 

0.07 

0.06 

Iron 

0.20  Max 

0.06 

0.06 

0.08 

0.06 

0.07 

Manganese 

0.35  Max 

- 

- 

- 

- 

- 

Zinc 

0.05  Max 

0.01 

0.01 

0.01 

0.01 

- 

Copper 

0.06  Max 

0.03 

0.03 

0.01 

0.01 

- 

A1  uminum 

Remainder 

Remainder 

Radiographic  Quality  -  The  15  cast  step  plates  were  acceptable 
to  Grade  B  quality  requirements  in  both  designated  and  nondeslgnated  areas. 
Details  of  the  results  are  shown  in  Table  10. 

Integrally  Attached  Coupon  Tensile  Properties  -  The  tensile 
property  results  shown  in  Table  11  of  chilled  and  unchilled  attached  coupon 
met  the  yield  strength  range  of  42  to  47  ksi  in  the  chilled  coupons.  A 
minimum  of  50  ksi  ultimate  strength  was  also  obtained  in  each  of  the  chilled 
coupons.  Values  varied  from  52.2  to  54.7  ksi  UTS. 

DAS  -  Measurements  of  DAS  taken  on  the  surface  of  chilled  and 
unchilled  attached  coupons  of  the  15  cast  step  plates  are  reported  in  Table  12 
with  the  UTS  of  each  coupon.  These  results  were  also  plotted  in  Figure  86  to 
determine  the  maximum  DAS  value  which  could  be  allowed  and  ensure  a  50  ksi  UTS 
(as  listed  in  Table  12),  Using  the  maximum  DAS  value  determined  from  the 
attached  coupons  as  a  reference,  two  test  sites  of  the  designated  area  were 
inspected  to  determine  the  acceptance  of  each  plate.  The  DAS  value  of  each 
plate  of  plates  varied  from  9  to  19  x  10-4  inches  which  was  acceptable  to 
the  respective  maximum  allowable  DAS  value  of  each  plate.  The  DAS  values  ob¬ 
tained  from  each  plate  is  shown  in  Table  12. 
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TABLE  10.  TELEDYNE  CAST  PRODUCTS  COMPANY  (A357)  PRODUCTION 
STEP  PLATES  RADIOGRAPHIC  INSPECTION  RESULTS 

PLATE  RADIOGRAPHIC  QUALITY 


DESIGNATED  AREA  (1)  NON-DESIGNATED  AREA  (2) 


ASTM 

TYPE 

ASTM 

TYPE 

PLATE  NO. 

DEFECT 

PLATE 

HO. 

DEFECT 

4193-1 

<1 

Rd  Gas  Por 

1 

to 

<1 

Rd  Gas  Por 

1 

Gas  Hole 

-2 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

<1 

Gas  Hole  Dross 

-4 

<1 

Rd  Gas  Por 

1 

to 

<1 

Rd  Gas  Por 

1 

Gas  Hole  Dross 

-5 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

<1 

Gas  Hole 

4203-1 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

-3 

<1 

Gas  Hole 

1 

to 

<1 

Rd  Gas  Por 

<1 

Gas  Hole 

-4 

None 

<1 

Rd  Gas  Por 

<1 

Gas  Hole 

4213-1 

<1 

Rd  Gas  Por 

1 

Rd  Gas  Por 

<1 

Gas  Hole 

<1 

Gas  Hole 

-4 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

<1 

Gas  Hole 

4223-2 

1 

Rd  Gas  Por 

1 

Rd  Gas  Por 

1 

Spng.  Shrink 

-5 

1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

1 

Spng.  Shrink 

1 

to 

<1 

Gas  Hole 

9193-1 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

-2 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

-4 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

<1 

Gas  Hole 

-8 

<1 

Rd  Gas  Por 

<1 

Rd  Gas  Por 

1 

Spng.  Shrink 

<1 

Gas  Hole 

(1)  Grade  B  quality  required.  Maximum  defect  not  to 
exceed  a  Plate  1. 

(2)  Grade  C  quality  required.  Maximum  defect  not  to 
exceed  a  Plate  2  except  gas  porosity  or  gas  hole 
defect  cannot  exceed  Plate  3. 


TABLE  11.  TELEOYNE  CAST  PRODUCTS  COMPANY  (A357  )  INTEGRALLY 
ATTACHED  TEST  COUPON  PROPERTIES 


Coupon  1  -  Chilled 
Coupon  2  -  No  Chill 


PI  ate 

Test 

UTS 

YS 

e 

i 

f  ■! 

No. 

Coupon 

(ksi) 

(ksi) 

(X) 

4193-1 

1 

52.8 

42.1 

10.0 

2 

47.4 

41.2 

2.0 

‘V 

-3 

1 

54.1 

44.6 

10.0 

i  *  t 

2 

48.0 

43.0 

2.5 

£ 

1 

-4 

1 

53.6 

42.9 

11.0 

r. , 

2 

49.1 

43.2 

3.0 

V 

-5 

1 

52.2 

42.0 

10.0 

•V 

2 

48.5 

42.0 

4.0 

V 

r- 

4203-1 

1 

54.1 

42.9 

10.0 

>v 

2 

49.5 

44.5 

2.0 

I-;: 

-3 

1 

54.0 

44.0 

10.0 

■?- 

2 

48.1 

43.0 

2.5 

I.’* 

r* 

-4 

1 

53.9 

44.2 

8.0 

ft 

*  1 

2 

48.9 

43.4 

2.5 

*  ", 

.  m 

H  p 
.  % 

4213-1 

1 

54.0 

44.1 

12.0 

l\ 

2 

49.0 

44.0 

2.5 

■*  • 

-4 

1 

54.5 

44.2 

11.0 

2 

48.5 

43.9 

2.0 

li* 

r.s 

4223-2 

1 

53.5 

44.0 

10.0 

*  * 

2 

49.9 

44.3 

3.0 

rli 

W-1 

-5 

1 

53.6 

44.1 

9.0 

2 

49.6 

44.3 

4.0 

y. 

9193-1 

1 

53.4 

44.0 

10.0 

lV 
■%  , 

2 

49.6 

42.6 

4.0 

l  * 

-2 

1 

54.2 

44.8 

10.0 

2 

49.6 

43.0 

3.0 

.  -3 

-4 

1 

54.7 

45.2 

12.0 

i 

2 

50.8 

44.4 

5.0 

-8 

1 

53.2 

43.3 

12.0 

1 

2 

50.5 

44.2 

5.0 

*  * 

!> 
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TABLE  12.  TELEOYNE  CAST  PRODUCTS  COMPANY  (A357)  PRODUCTION 
STEP  PLATE  DAS  ACCEPTANCE  TEST  RESULTS 


Plate  No. 

DAS/UTS  DAS/UTS 

(10“*  inch/ksi)  (10"^  inch/ksi ) 
Chilled  Unchilled 

Coupon  Coupon 

DAS 

At 

Center 

Casting 

DAS 

At 

Edge 

Casting 

Graph  Maximum 
Allowable  DAS 
(10“*  in) 

4193-1 

*(15)  1/52.8 

*(36)  24/47.4 

9 

13 

18  (26)* 

-3 

*(16)  11/54.1 

*(40)  22/48.0 

9 

16 

18  (32)* 

-4 

9/53.6 

23/49.1 

9 

17 

20 

-5 

10/52.2 

22/48.5 

11 

16 

17 

4203-1 

*(20)  11/54.1 

*(38)  24/49.5 

8 

16 

22  (36)* 

-3 

*(15)  9/54.0 

*(35)  25/48.1 

9 

14 

20  (29)* 

-4 

12/53.9 

25/48.9 

11 

17 

22 

4213-1 

*(16)  11/54.0 

*(33)  24/49.0 

9 

14 

21  (29)* 

-4 

*(17)  12/54.5 

*(32)  21/48.5 

8 

14 

17  (28)* 

4223-2 

10/53.5 

20/49.9 

8 

17 

20 

-5 

*(15)  9/53.6 

*(36)  22/49.6 

9 

17 

21  (35)* 

9193-1 

*(14)  8/53.4 

*(22)  20/49.6 

11 

15 

19  (21)* 

-2 

*(13)  8/54.2 

*(29)  22/49.6 

9 

19 

21  (27)* 

-4 

*(15)  8/54.7 

*(30)  19/50.8 

10 

12 

21  (32)+ 

-8 

9/53.2 

20/50.5 

9 

13 

22 

*(XX )  Represents  the  "partilce  intercept  distance"  (X10“4  inches) 
and  is  shown  with  DAS  values.  This  comparison  is  discussed  in  the 
following  text  of  the  report. 


To  verify  the  microstructure  acceptance  procedure,  the  micro¬ 
structure  was  evaluated  by  two  methods.  The  preferred  procedure  was  to  locate 
well-defined  dendritic  formations  and  carefully  determine  the  DAS  of  several 
dendrites  and  use  the  average  value.  However,  In  some  instances,  the  dendri¬ 
tic  formation  was  not  clearly  defined.  In  these  instances,  lines  were  arbi¬ 
trarily  drawn  across  the  micrograph  and  the  average  distance  between  the 
silicon  particles  that  intercepted  the  line  was  determined.  This  distance  has 
been  defined  as  the  average  particle  intercept  distance  (PID) .  Both  proce¬ 
dures  are  described  in  the  proposed  process  specification  (Appendix  H).  The 
microstructure  of  the  attached  coupons  and  several  step  plates  was  measured  by 
both  methods  (results  are  plotted  in  Figures  87  and  88).  The  UTS  was  then 
predicted  by  each  method  and  a  tensile  specimen  excised  from  the  test  site. 
This  was  done  to  compare  the  two  methods  of  microstructure  measurement.  The 
results  are  shown  in  Table  13.  The  predicted  value  of  UTS  as  determined  by 
using  PID  and  DAS  measurements  were  very  similar.  A  tolerance  of  5  percent 
or  2.5  ksi  was  anticipated  and  the  results  were  within  this  range  of  varia¬ 
tion.  It  should  be  noted  however,  that  the  accuracy  of  the  PID  method  is 
reduced  with  increasing  amounts  of  Interdendritic  material.  For  this  reason, 
the  accuracy  of  measuring  coarse  structures  which  exhibit  large  amounts  of 
interdendritic  material  is  limited  using  the  PID  method. 

Hardness  and  Penetrant  Inspection  -  Penetrant  inspection  indi¬ 
cated  no  linear  defects  and  the  results  were  acceptable  as  shown  in  Table  14. 
Hardness  values  were  reported  for  information  purposes  only  and  are  shown  also 
in  Table  14.  The  values  varied  from  95.1  to  100.2  HRE. 
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TABLE  13.  COMPARISON  OF  TENSILE  STRENGTH  ESTIMATION  USING  OAS  AND  PID 
MEASUREMENTS  OF  TELEDYNE  CAST  PRODUCTS  (A357)  STEP  PLATES 


Plate  Tensile  Microstructure 
No.  Specimen  Measurement 

by 

PID  DAS 


(10'* 

inch) 

9193-1 

A86-T3 

19 

11 

9193-2 

B85-T3 

15 

9 

9193-4 

B90-T3 

17 

10 

4213-1 

B92-T3 

17 

9 

4213-4 

A91-T3 

18 

12 

4203-1 

A95-T3 

19 

8 

4203-3 

B94-T3 

17 

9 

4193-1 

A99-T3 

15 

9 

4193-3 

B98-T3 

16 

9 

4223-5 

A87-T3 

15 

9 

Tested  Estimated  Difference  of 


UTS  UTS  by  Estimated  and 

(ksi )  PID  OAS  Tested 


(ksi) 

(ksi) 

PID 
(ksi ) 

DAS 

(ksi) 

52.5 

51.0 

52.4 

-1.5 

-0.1 

52.8 

53.6 

54.2 

+0.8 

+1.4 

52.8 

54.2 

54.0 

+1.4 

+1.2 

54.7 

53.7 

54.8 

-1.0 

+0.1 

51.9 

54.1 

53.9 

+2.2 

+2.0 

54.2 

54.4 

55.2 

+0.2 

+1.0 

53.1 

53.5 

54.0 

+0.4 

+0.9 

53.9 

52.8 

53.6 

-1.1 

-0.3 

52.7 

54.1 

55.2 

+1.4 

+2.5 

54.0 

53.4 

53.6 

-0.6 

-0.4 

TABLE  14.  TELEDYNE  CAST  PRODUCTS  (A357)  STEP  PLATE 
PENETRANT  AND  HARDNESS  RESULTS 


Plate  No. 

Penetrant 

Hardness  (Re) 

4193-1 

OK 

98  to  99 

-3 

OK 

98  to  99 

-4 

OK 

97  to  99 

-5 

OK 

97  to  99 

4203-1 

OK 

99  to  100 

-3 

OK 

97  to  99 

-4 

OK 

97  to  98 

4213-1 

OK 

98  to  99 

-4 

OK 

97  to  98 

4223-2 

OK 

97  to  100 

-5 

OK 

95  to  99 

9193-1 

OK 

98  to  100 

-2 

OK 

99  to  100 

-4 

OK 

98  to  100 

-8 

OK 

98  to  100 
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(2)  Magnesium  Alloy  Products  test  casting  results 


Melt  Chemistry  -  Six  different  melts  were  used  to  pour  the  test 
castings.  The  melt  compositions  as  reported  by  the  foundry  indicated  a 
magnesium  content  in  the  lower  half  portion  of  the  range  and  iron  content  in 
the  upper  half  of  the  acceptance  range.  All  melt  compositions  were  within 
the  specified  acceptance  range  as  reported  in  Table  15. 

Radiographic  Quality  -  The  radiographic  quality  of  the  step 
plates  was  acceptable  with  the  exception  of  two  plates  which  exhibited  a 
localized  flaw.  The  flaws  were  accepted  since  they  did  not  interfere  with 
the  testing.  The  nondesignated  areas  showed  evidence  of  Grade  B  to  C  round 
gas  porosity  in  the  1/8-inch  thick  section  of  the  plates.  All  other  areas 
met  Grade  B  radiographic  quality  requirements  as  shown  in  Table  16. 

TABLE  15.  MAGNESIUM  ALLOY  PRODUCTS  (A357) 

FOUNDRY  PRODUCTION  MELT  ANALYSIS 

Element  Acceptance 

Limits  Melt 

(%) 

H2237/3  H2204/2  H2250/4  H2258/4  H2256/4  H2301/3 


Sil icon 

6.5  to  7.5 

6.9 

6.8 

6.8 

7.0 

6.9 

6.8 

Magnesi urn 

0.55  to  0.65 

0.60 

0.60 

0.60 

0.60 

0.  58 

0.57 

Ti  taniuin 

0.10  to  0.20 

0.16 

0.19 

0.17 

0.17 

0.16 

0.18 

Beryl  1 ium 

0.04  to  0.07 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Iron 

0.20  Max 

0.13 

0.15 

0.12 

0.13 

0.14 

0.15 

Manganese 

0.35  Max 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

Zi  nc 

0.05  Max 

0.01 

'  0.01 

0.01 

0.01 

0.01 

0.01 

Copper 

0.05  Max 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

A1  umi num 

Remainder 

Remainder 
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TABLE  16.  MAGNESIUM  ALLOY  PRODUCTS  (A357)  PRODUCTION  STEP 
PLATES  RADIOGRAPHIC  INSPECTION  RESULTS 

PLATE  RADIOGRAPHIC  QUALITY 

DESIGNATED  AREA  (1)  NON -DESIGNATED  AREA  (2) 


ASTM 

TYPE 

ASTM 

TYPE 

PLATE  NO. 

DEFECT 

PLATE  NO. 

DEFECT 

2237/3-13 

2 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 

1 

Elong  Gas  Por 

2237/3-14 

1 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 
Elong  Gas  Por 

2237/3-15 

None 

1  and 

2 

Rd  Gas  Por 

2244/2-17 

1 

Rd 

Gas 

Por 

1  and 

3 

Rd  Gas  Por 

2244/2-18 

None 

1  and 

2 

Rd  Gas  Por 

2244/2-19 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

2250/4-21 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

2250/4-22 

1 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 

*6 

Elong  Gas  Por 

2250/4-24 

1 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 

3 

Elong  Gas  Por 

2258/4-34 

1 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 

2258/4-35 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

2258/4-36 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

2256/4-29 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

2256/4-30 

1 

Rd 

Gas 

Por 

1 

Rd  Gas  Por 

2256/4-31 

1 

Rd 

Gas 

Por 

1  and 

2 

Rd  Gas  Por 

(1)  Grade  B  quality  required.  Maximum  defect  was  not  to 
exceed  ASTM  Plate  1. 

(2)  Grade  C  quality  required.  Maximum  defect  was  not  to 
exceed  ASTM  Plate  2  except  qas  porosity  and  gas  holes 
could  not  exceed  ASTM  Plate  3. 


♦Accepted  in  a  localized  area  which  does  not  interfere  with  testing 


180 


Integrally  Attached  Coupon  Tensile  Properties  -  The  yield 
strength  range  of  42  to  47  ksi  and  minimum  ultimate  strength  of  50  ksi  were 
obtained  as  shown  in  Table  17  for  each  chilled  attached  coupon.  The  UTS  var¬ 
ied  from  52.5  to  55.9  ksi. 

DAS  -  The  DAS  was  determined  on  the  surface  of  each  attached 
coupon  prior  to  excising  a  tensile  specimen.  The  DAS/UTS  relationships  plot¬ 
ted  in  Figure  88  were  used  to  determine  the  maximum  DAS  permissible  for  a  UTS 

of  50  ksi.  By  relating  the  maximum  DAS  (as  listed  in  Table  18)  acceptable  to 
the  DAS  of  each  plate,  the  capability  of  plate  to  exhibit  the  minimum  UTS  of 
50  ksi  required  for  acceptance  was  determined.  The  relatively  high  UTS  values 
obtained  from  coarse  unchilled  attached  coupons  from  plates  18,  22,  and  36 
provided  an  unusually  large  maximum  acceptable  DAS  of  50,  45  and  45  x  10“^ 
inches.  The  microstructures  of  these  tensile  specimens  were  also  evaluated 
using  a  mounted  and  polished  micro  preparation  technique.  Reexamination  of 
the  specimen  microstructure  did  not  significantly  alter  the  DAS/UTS  relation 
originally  established.  However,  the  tensile  properties  of  a  specimen  taken 
adjacent  to  the  coarse  DAS  coupon  of  plate  36  Indicated  a  much  lower  value  of 

UTS.  As  shown  in  Figure  89,  when  the  lower  UTS  was  used  in  place  of  the 

original  UTS  value,  the  DAS/UTS  relationship  paralleled  the  results  of  the 
other  two  plates  of  the  same  melt.  The  apparent  discrepancies  of  the  DAS/UTS 
relationship  of  plates  18,  22  and  36  were  attributed  to  the  inaccuracy  of  the 
UTS  values. 

Hardness  and  Penetrant  Inspection  -  The  hardness  values  of  the 
plates  were  found  to  vary  from  HRE  95.0  to  101.5.  Penetrant  inspection  showed 
no  evidence  of  linear  indications.  Results  of  these  tests  are  shown  in  Table 


TABLE  17.  MAGNESIUM  ALLOY  PRODUCTS  (A357)  INTEGRALLY 
ATTACHED  TEST  COUPONS  TENSILE  PROPERTIES 

Coupon  1  -  Chilled 
Coupon  2  -  Not  Chilled 


Tensile  Properties 


Plate 

Coupon 

UTS 

YS 

e 

Identification 

(ksi) 

(ksi ) 

<%) 

2237/3-13 

1 

53.1 

45.5 

9 

2 

48.6 

43.5 

5 

3-14 

1 

54.8 

44.9 

10 

2 

51.9 

45.9 

10 

3-15 

1 

52.5 

44.6 

10 

2 

51.2 

45.2 

5 

2244/2-17 

1 

52.5 

47.3 

6 

2 

46.0 

42.8 

5 

2-18 

1 

52.5 

44.6 

6 

2 

51.9 

45.7 

7 

2-19 

1 

52.8 

44.5 

8 

2 

51.5 

45.2 

6 

2250/4-21 

1 

55.6 

46.9 

11 

2 

53.2 

46.5 

5 

4-22 

1 

53.3 

44.9 

8 

2 

52.2 

46.4 

6 

4-24 

1 

53.6 

45.2 

8 

2 

51,8 

45.5 

6 

2256/4-29 

1 

54.4 

45.5 

11 

2 

49.7 

44.1 

4 

4-30 

1 

54.7 

45.7 

7 

2 

51.2 

43.5 

5 

4-31 

1 

53.7- 

45.1 

8 

2 

50.2 

42.4 

7 

2258/4-34 

1 

55.9 

46.7 

8 

2 

51.0 

44.4 

4 

4-35 

1 

53.2 

44.7 

7 

2 

48.5 

42.4 

4 

4-36 

1 

54.2 

46.5 

7 

2 

52.0 

45.2 

5 

4-36  (Adjacent 

1 

55.5 

46.8 

10 

Specimen) 

2 

44.3 

44.0 

— 

FIGURE  89.  GRAPHIC  DETERMINATION  OF  MAXIMUM  DAS  VALUE  OF  MAGNESIUM  ALLOY 
PRODUCTS  STEP  PLATES  DETERMINED  FROM  DAS  AND  UTS  OF  ATTACHED  COUPONS 


TABLE  18.  MAGNESIUM  ALLOY  PRODUCTS  (A357)  PRODUCTION 
STEP  PLATE  DAS  TEST  RESULTS 


Attached  Coupon 
DAS/UTS 

Plate  (10"q  in/ksi ) 


Chill 

Non-Chill 

2237/3 

-13 

9/53.1 

20/48.6 

-14 

14/54.8 

20/51.9 

-15 

9/52.5 

20/51.2 

2244/2 

-17 

11/52.5 

33/46.0 

-18 

10/52.5 

25/51.9 

-19 

11/52.8 

20/51.5 

2250/4 

-21 

11/55.6 

22/53.2 

-22 

11/53.3 

22/52.2 

-24 

10/53.6 

20/51.8 

2258/4 

-34 

12/55.9 

20/51.0 

-35 

10/53.2 

17/48.5 

-36 

10/54.2 

29/52,0 

(Retest 

-36 

55.5 

44.3 

2256/4 

-29 

10/54.4 

25/49.7 

-30 

10/54.7 

20/51.2 

-31 

9/53.7 

29/50.2 

Critical  Area  Max.  Allowable 


DAS 

(10“* 

Center 

in) 

Edge 

9jls 

(10  *  in) 
From  Graph 

11 

16 

16 

10 

13 

24 

11 

17 

27 

12 

13 

19 

10 

17 

50* 

13 

16 

27 

10 

13 

36 

14 

17 

45* 

14 

17 

29 

13 

13 

22 

11 

13 

14 

11 

17 

45* 

19) 

10 

17 

24 

14 

20 

23 

13 

20 

28 

♦Suspect  Results 


TABLE  19.  MAGNESIUM  ALLOY  PRODUCTS  (A357)  STEP 
PLATE  HARDNESS  AND  PENETRANT  RESULTS 


Plate  No. 

Penetrant 

Hardness 

(Re) 

2237/3-13 

OK 

98 

to 

99 

-14 

OK 

98 

to 

101 

-15 

OK 

97 

to 

99 

2244/2-17 

OK 

95 

to 

97 

-18 

OK 

97 

to 

98 

-19 

OK 

97 

to 

99 

2250/4-21 

OK 

99 

to 

102 

-22 

OK 

98 

to 

100 

-24 

OK 

97 

to 

100 

2258/4-34 

OK 

99 

to 

102 

-35 

OK 

97 

to 

100 

-36 

OK 

97 

to 

100 

2256/4-29 

OK 

99 

to 

101 

d.  A201-T7  Test  Results 


(1)  Smlthford  Products  Company  Test  Casting 

Melt  Composition  -  The  composition  of  each  melt  is  shown  in  Table 
20.  As  these  results  show,  the  alloy  content  was  maintained  in  the  lower  por¬ 
tion  of  the  acceptance  range  as  reported  by  the  foundry. 

Radiographic  Quality  -  The  results  of  radiographic  inspection, 
shown  in  Table  21,  indicated  the  step  plates  were  acceptable  to  a  Grade  B 
quality  in  all  areas  of  each  plate. 

Integrally  Attached  Coupon  Tensile  Properties  -  All  attached  cou¬ 
pons  met  the  55  ksi  yield  strength,  60  ksi  ultimate  strength,  and  5  percent 
minimum  elongation  acceptance  requirements.  UTS  values  ranged  from  62.0  to 
66.3  ksi;  YS  values  varied  from  57.0  to  60.0  ksi  and  elongation  values  ranged 
from  6.4  to  9.6  percent.  Test  results  are  shown  in  Table  22. 

Hardness  and  Conductivity  -  The  hardness  values  of  the  step  plates 
varied  from  75  to  81  HRB,  which  was  consistent  with  the  required  minimum  of  70 
HRB.  Electrical  conductivity  measurements  varied  from  31  to  33  percent  IACS 
in  compliance  with  the  minimum  requirement  of  31  percent  IACS.  Values  of 
hardness  and  conductivity  are  listed  in  Table  22. 

Penetrant  Inspection  -  The  surface  quality  of  this  alloy  as  deter¬ 
mined  by  penetrant  inspection  may  be  very  misleading  due  to  a  thin  layer  of 
metal  on  the  surface  of  the  casting.  This  skin  will  often  contain  irregulari¬ 
ties  such  as  tears  or  linear  indications.  When  this  skin  was  sand-blasted 
away,  the  underlying  surface  was  free  of  any  linear  indications,  as  shown  in 
Figure  90. 


TABLE  20.  SMITHFORD  PRODUCTS  (A201)  FOUNDRY  MELT  COMPOSITION 


Element 
of  Melt 

Acceptance 

Ran^e 

Melt 

U429 

(%) 

Melt 

124-A 

(%) 

Melt 

124-P 

(%) 

Melt 

214 

(%) 

Copper 

4.50  to  5.00 

4.70 

4.75 

4.75 

4.70 

Sil icon 

0. 10  max 

0.04 

0.04 

0.05 

0.03 

Magnesium 

0.25  to  0.35 

0.34 

0.31 

0.32 

0.30 

Iron 

0.05  max 

0.04 

0.04 

0.04 

0.02 

Manganese 

0.20  to  0,50 

0.26 

0.29 

0.30 

0.25 

Titanium 

0.15  to  0.35 

0.26 

0.24 

0.34 

0.25 

Sil  ver 

0.50  to  1.00 

0.53 

0. 54 

0.54 

0.53 

K 


\ 

'j 

I 

3 

'Z'j 

I 


TABLE  21.  RADIOGRAPHIC  AND  PENETRANT  INSPECTION  RESULTS  OF 
SMITHFORD  PRODUCTS  (A201 )  PRODUCTION  STEP  PLATES 

PLATE  RADIOGRAPHIC  QUALITY 

DESIGNATED  AREA  (1)  NON -DESIGNATED  AREA  (2) 


ASTM 

PLATE  NO. 

TYPE 

DEFECT 

ASTM 

PLATE  NO. 

TYPE 

DEFECT 

U429-1 

1 

Rd  Gas  Por 

1 

Rd  Gas  Por 

124A-2 

None 

1 

Rd  Gas  Por 

124P-1 

None 

None 

U429-2 

None 

None 

124P-2 

None 

1 

Rd  Gas  Por 

124A-1 

None 

1 

Gas  Hole 

U429-3 

None 

None 

124A-4 

None 

None 

124A-3 

None 

1 

Rd  Gas  Por 

U429-4 

None 

None 

124A-5 

None 

None 

124P-4 

1 

Gas  Hole 

None 

124A-3 

1 

Gas  Hole 

1 

Rd  Gas  Por 

124P-5 

None 

1 

Rd  Gas  Por 

214-4 

None 

None 

(1)  Grade  B  quality  required.  Maximum  defect  was  not 
to  exceed  ASTM  Plate  1. 

(2)  Grade  C  quality  required.  Maximum  defect  was  not 
to  exceed  ASTM  Plate  2  except  gas  porosity  and 
gas  holes  could  not  exceed  ASTM  Plate  3. 

Penetrant  quality  of  all  plates  was  acceptable  -  no 
record  kept  of  individual  plate  quality. 


vVVVV_*v\V*4 

i  h  IVT^Vj  ■  J  1 1 
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TABLE  22.  HARDNESS  AND  CONDUCTIVITY  TEST  RESULTS  OF  SMITHFORD 
PRODUCTS  (A201 )  STEP  PLATES  AND  TENSILE  PROPERTIES 
OF  ATTACHED  COUPONS 


Attached  Coupon 

Tensile  Properties  Step  Plate  Step  Plate 
Step  Plate  UTS  YS  e  Hardness  (%  IACS) 

(ksi)  (ksi )  {%)  (HRB) 


BEFORE  SAND  BLASTING 


BS-00238-8A 


AFTER  SAND  BLASTING 


86-00238-8B 


FIGURE  90.  REMOVAL  OF  SURFACE  INDICATIONS  BY  SAND  BLASTING 

(A201  STEP  PLATE) 
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(2)  Morris  Bean  and  Company  Test  Castings 


Melt  Composition  -  The  foundry's  spectrographic  analysis  of  each 
melt  is  shown  in  Table  23.  The  copper  content  was  maintained  at  mid-range 
while  the  magnesium  content  was  consistently  in  the  upper  portion  of  the 
acceptable  range.  The  silver  content  was  kept  in  the  lower  portion  of 
the  range. 

TABLE  23.  MORRIS  BEAN  AND  COMPANY  (A201)  FOUNDRY  MELT  COMPOSITIONS 


Element 

Acceptance 

Range 

(*) 

Melt 
No.  1 
(%) 

Melt 
No.  2 

(X) 

Melt 
No.  3 
(*) 

Melt 
No.  4 
(*> 

Melt 
No.  5 
(%) 

Melt 
No.  i 
(*) 

Copper 

4.50  to  5.00 

4.79 

4.56 

4.60 

4.56 

4.85 

4.69 

Si  1  icon 

0.10  max 

0.05 

0.06 

0.05 

0.05 

0.05 

0.02 

Magnesium 

0.25  to  0.35 

0.25 

0.26 

0.28 

0.25 

0.28 

0.29 

Iron 

0.05  max 

0.03 

0.04 

0.03 

0.03 

0.04 

0.03 

Manganese 

0.20  to  0.50 

0.29 

0.25 

0.28 

0.29 

0.27 

0.30 

Titanium 

0.15  to  0.35 

0.21 

0.21 

0.22 

0.22 

0.31 

0.20 

Sil ver 

0.50  to  1.00 

0.62 

0.66 

0.58 

0.63 

0.69 

0.65 
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Radiographic  Quality  -  The  designated  areas  of  all  plates  met 
Grade  B  quality  requirements.  However,  the  presence  of  dross  in  the  non-des- 
Ignated  areas  reduced  the  quality  from  a  Grade  B  to  C.  Since  the  minimum  re¬ 
quired  quality  in  non-designated  areas  was  a  Grade  C,  the  plates  were  accepta¬ 
ble.  Results  of  the  radiographic  Inspection  are  shown  In  Table  24. 

Integrally  Attached  Coupons  -  Minimum  tensile  properties  of  60  ksi 
UTS,  55  ksi  YS,  and  5  percent  elongation  were  exhibited  by  each  attached  cou¬ 
pon  as  shown  in  Table  25.  Ultimate  strength  values  varied  from  65.0  to  67.9, 
yield  strength  values  varied  from  57.7  to  62.5,  and  elongation  percentage 
ranged  from  7.8  to  9.8. 

Hardness  and  Conductivity  -  Hardness  and  conductivity  values  met 
the  minimum  values  of  70  HRB  and  31  percent  IACS  respectively.  Results  are 
reported  in  Table  25. 

Penetrant  Inspection  -  All  plates  met  the  "no  linear  indication" 
requirement  of  penetrant  inspection. 


TABLE  24.  RESULTS  OF  RADIOGRAPHIC  AND  PENETRANT  INSPECTION  OF 
MORRIS  BEAN  AND  COMPANY  (A20I)  PRODUCTION  STEP  PLATES 


PLATE  RADIOGRAPHIC  QUALITY 


DESIGNATED  AREA  (1) 

NON -DESIGNATED  AREA  (2) 

ASTM 

PLATE  NO. 

TYPE 

DEFECT 

ASTM 

PLATE  NO. 

TYPE 

DEFECT 

29-1 

None 

1 

Dross 

-2 

None 

None 

-3 

None 

None 

30-1 

None 

None 

-2 

None 

1 

Dross 

32-2 

None 

None 

-3 

None 

None 

33-1 

None 

1  and  2 

2 

Dross 

Gas  Hole 

34-1 

None 

None 

-2 

None 

None 

35-1 

None 

1  and  2 

Dross 

-2 

None 

None 

36-1 

None 

None 

-3 

None 

1 

Dross 

20-2 

None 

None 

(1)  Grade  B  quality  was  required.  The  maximum  defect 
was  not  to  exceed  ASTM  Plate  1. 

(2)  Grade  C  quality  was  required.  The  maximum  defect 
was  not  to  exceed  ASTM  Plate  2  except  gas  porosity 
and  gas  holes  could  not  exceed  ASTM  Plate  3. 

Penetrant  quality  of  all  plates  was  acceptable.  No 
record  was  kept  of  individual  plate  quality. 
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TABLE  25.  TENSILE  PROPERTIES  OF  ATTACHED  COUPON  AND  HARDNESS  -  CONDUCTIVITY 
TEST  RESULTS  OF  (A201-T7)  MORRIS  BEAN  AND  COMPANY  STEP  PLATES 


Attached  Coupon  Step  Plate 
Tensile  Properties  Rockwell 

Step  Plate  UTS  YS  e  Hardness 
Identification  (ksl)  (ksl)  (%)  (HRB) 


iLcy  novc 

Rockwell  Step  Plate 

Hardness  Electrical  Conductivity 

(HRB)  (t  IACS) 


29-1 

67.7 

61.3 

9.1 

78  to  81 

32 

2 

66.5 

60.2 

7.8 

78  to  82 

31 

3 

67.7 

61.3 

8.2 

78  to  81 

32 

30-1 

67.9 

61.7 

8.1 

76  to  78 

31 

2 

67.3 

60.8 

8.8 

75  to  76 

31 

32-2 

65.4 

59.5 

9.8 

81  to  82 

33 

3 

65.0 

59.2 

9.1 

79  to  80 

33 

33-1 

66.5 

61.2 

8.3 

80 

33 

34-1 

67.5 

62.0 

9.7 

79 

32 

2 

67.1 

61.2 

9.5 

80  to  82 

32 

35-1 

66.8 

61.1 

8.5 

82 

32 

2 

68.0 

62.5 

7.9 

77  to  80 

31 

36-1 

67.1 

60.3 

8.9 

81 

32 

3 

67.8 

62.1 

8.3 

79  to  81 

32 

66.1 

57.7 

9.3  . 

75  to  76 

33 

4.  PROPERTY  DETERMINATION 


a.  Introduction 

The  same  procedure  was  used  for  the  determination  of  material  proper¬ 
ties  of  each  alloy.  The  testing  schedule  sh  ,n  In  Table  26  was  performed  on 
castings  of  each  alloy.  Specimens  were  excised  from  the  step  plate  castings 
as  shown  In  Figures  91  and  92.  Design  property  data  was  determined  In  both 
designated  and  non-designated  areas  of  the  step  plate;  however,  sufficient 
testing  was  done  only  in  the  designated  area  to  analyze  the  results  for  A  and 
B  MIL-HDBK-5  properties  on  a  statistical  basis.  Fracture  toughness  and  fa¬ 
tigue  tests  were  performed  for  comparison  on  both  alloys  using  material  repre¬ 
senting  three  specific  conditions.  These  were  (1)  acceptable  quality  material 
processed  in  the  approved  manner  to  represent  optimum  properties,  (2)  material 
that  was  welded  to  restore  defective  material  to  an  acceptable  NDI  quality, 
and  (3)  defective  material  that  was  unacceptable  because  of  radiographic 
unsoundness.  The  fracture  toughness  specimens  used  for  comparative  evalua¬ 
tions  were  all  excised  from  a  0.5-inch  thick  section  of  the  step  plate. 
Thicker  specimens  were  excised  from  separately  cast  test  blocks  in  an  attempt 
to  obtain  valid  fracture  toughness  values.  Crack  growth  specimens  were  pre¬ 
pared  from  step  plates  of  both  alloys  and  were  tested  by  the  Air  Force  Materi¬ 
als  Laboratory.  The  test  results  are  discussed  in  this  report.  The  complete 
AFWAL  report  is  included  as  Appendixes  F  and  G  for  reference.  The  statistical 
analysis  of  the  MIL-HDBK-5  design  property  data,  which  was  performed  by 
Battelle  Columbus  Laboratories,  is  also  discussed  in  this  section;  however, 
the  complete  analytical  report  is  Included  as  Appendix  D. 

b.  Test  Procedure 

The  test  procedure  and  specimen  configurations  used  for  the  determi¬ 
nation  of  each  property  were  as  follows: 

1.  Tensile  Tests 

Tensile  specimens  shown  in  Figure  93  were  excised  from  step  plates 
and  tested  per  ASTM  E8,  "Tension  Testing  of  Metallic  Materials". 
For  elevated  temperature  tensile  test,  the  procedure  of  ASTM  E21 
"Elevated  Temperature  Tensile  Tests  of  Metallic  Materials"  was 
f ol 1  owed . 


Table  26.  TESTING  SCHEDULE  FOR  STEP 

PLATE  CASTINGS  OF  EACH  ALLOY 

Type  Of  Test  Quantity  Of  Specimens  To  Be  Tested  From  Each  Area 


Designated 

Non-deslgnated 

Wei ded 

Defective 

Area 

Area 

Area 

Area 

Tensile  (Ftu,  Fty,  e) 

100 

SO 

10 

10 

Compression  (Cy) 

10 

10 

Shear  (Su) 

10 

10 

Bearing  (1.6  e/0) 

(Fbry,  Fbru) 

10 

10 

Bearing  (2.0  e/D) 

(Fbry,  Fbru) 

10 

10 

Tens.  Elev.  Temp. 

20 

(250,  300,  350,  400F) 

Notched  Fatigue 

20 

10 

10 

Crack  Growth 

5 

♦Fracture  Toughness  (Kq) 

6 

5 

5 

(♦Thicker  specimens  were  seperately  cast  to  obtain  Kjc  values  -  5 
specimens  of  each  alloy  were  tested) 


2.  Compression  Tests 


Compression  specimens  shown  In  Figure  94  were  excised  from  step 
plates  and  tested  per  ASTM  E9,  "Compression  Testing  of  Metallic 
Materials  at  Room  Temperature." 

3.  Shear  Tests 

Shear  coupons  were  excised  from  step  plates,  specimens  machined  to 
the  configuration  shown  In  Figure  94,  and  tested  In  accordance 
with  the  requirements  of  ASTM  B565  "Shear  Testing  of  Aluminum  and 
Aluminum-Alloy  Rivets  and  Cold-Heading  Wire  and  Rods." 

1 

1 

i 

4.  Bearing  Tests 

Bearing  specimens  shown  in  Figure  94  were  excised  from  step  plates 
and  tested  per  ASTM  E238,  "Pin-type  Bearing  Test  of  Metallic 
Materials." 

5.  Fracture  Toughness  Tests 

Compact  tension  specimens  shown  in  Figures  95,  and  96  were  ma¬ 
chined  from  separately  cast  test  blocks  and  the  specimen  shown  In 
Figure  97  was  machined  from  the  designated  area  of  the  step  plate 
and  tested  per  ASTM  E399,  "Plane  Strain  Fracture  Toughness  of  Me¬ 
tallic  Materials." 

6.  Crack  Growth  Tests 

Testing  of  crack  growth. specimens  depicted  In  Figure  98  were  con¬ 
ducted  in  accordance  with  ASTM  Standard  E647,  "Standard  Method  for 
Constant-Lead-Amplitude  Fatigue  Crack  Growth  Rates  Above  108  In/ 
cycle." 


SHEAR  TEST  SPECIMEN 


FIGURE  94.  COMPRESSION,  SHEAR,  AND  BEARING  TEST  SPECIMEN  CONFIGURATIONS 
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7.  Notched  Fatigue  Tests 


Notched  fatigue  specimens  shown  In  Figure  99  were  excised  from 
step  plate  castings  and  tested  in  accordance  with  ASTM  E466, 
"Constant  Amplitude  Axial  Fatigue  Tests  of  Metallic  Materials". 

c.  Results  and  Discussion 

(1)  A357  Alloy 

(a)  Tensile  Properties 

The  tensile  property  data  derived  from  step  plates  submitted 
by  each  foundry  are  shown  in  Tables  27 ,  28,  29  and  30.  The  average  tensile 
properties  for  Magnesium  Alloy  Products  and  Teledyne  Cast  Products  were  as 

follows: 

Magnesium  Teledyne  Cast 

Alloy  Products  Products 


UTS 

YS 

e 

UTS 

YS 

e 

(ksi) 

(ksi) 

(*) 

(ksi) 

(ksi) 

(%) 

Designated  Area 

Average 

55.0 

46.3 

6 

53.4 

45.3 

5 

Range 

53.2 

43.8 

3 

50.7 

42.2 

1 

58.1 

49.5 

10 

54.9 

48.0 

9 

Non-Designated  Area 

Average 

54.4 

45.6 

6 

50.5 

43.7 

3 

Range 

52.6 

43.2 

4 

44.8 

40.8 

1^ 

56.0 

47.9 

11 

52.5 

45.4 

5 
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TABLE  27.  ROOM  TEMPERATURE  TENSILE  PROPERTIES. 

MAGNESIUM  ALLOY  PRODUCTS.  DESIGNATED 
AREA,  A3 57  ALLOY 


Item 

Test  Specimen 

TUS 

TYS 

e 

NO. 

Identification 

A2237/3-13 

(ksl) 

(ksl) 

<%) 

1 

-T1 

53.2 

45.8 

4 

2 

-T2 

54.4 

46.2 

6 

3 

-T3 

53.8 

44.4 

7 

4 

-T4 

B2237/3-14 

55.3 

47.1 

8 

5 

-T1 

55.0 

46.3 

6 

6 

-T2 

54.6 

46.0 

6 

7 

-T3 

55.4 

46.3 

7 

8 

-T4 

D2237/3-1 5 

54.2 

48.7 

2 

9 

-T1 

58.1 

49.5 

8 

10 

-T2 

57.3 

49.1 

5 

11 

-T3 

57.4 

48.1 

7 

12 

-T4 

A2 24 4/2-1 7 

57.6 

48.9 

6 

13 

-T1 

54.2 

45.0 

7 

14 

-T2 

54.4 

45.4 

6 

15 

-T3 

54.4 

46.2 

5 

16 

-T4 

A2244/2-18 

54.4 

47.0 

5 

17 

-T1 

54.4 

44.8 

6 

18 

-T2 

55.5 

46.0 

7 

19 

-T3 

54.8 

45.6 

6 

20 

-T4 

A2244/2-19 

54.6 

47.5 

4 

21 

-T1 

D2244/2-20 

54.3 

45.7 

6 

22 

-T1 

56.6 

47.3 

8 

23 

-T2 

57.6 

47.7 

10 

24 

-T3 

A2250/4-21 

56.2 

45.8 

7 

25 

-T1 

55.4 

45.6 

8 

26 

-T2 

56.0 

46.2 

8 

27 

-T3 

55.2 

45.6 

6 

28 

-T4 

54.6 

48.4 

4 
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TABLE  27.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 
MAGNESIUM  ALLOY  PRODUCTS,  DESIGNATED 
AREA,  A3 57  ALLOY  (Continued) 


Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

B2250/4-22 

(ksl) 

(ksl) 

(%) 

29 

-T1 

55.2 

46.1 

7 

30 

-T2 

55.0 

46.4 

7 

31 

-T3 

54.8 

45.8 

6 

32 

-T4 

B2250/4-24 

53.6 

47.7 

3 

33 

-T1 

A2256/4-29 

55.4 

46.7 

6 

34 

-T1 

54.6 

44.8 

6 

35 

-T2 

54.8 

45.0 

8 

36 

-T3 

54.1 

44.8 

8 

37 

-T4 

B2256/4-30 

56.2 

47.0 

3 

38 

-T1 

53.9 

44.6 

8 

39 

-T2 

•  53.4 

44.6 

7 

40 

-T3 

54.6 

45.6 

7 

41 

-T4 

H2256/4-31 

55.2 

46.7 

7 

42 

-T1 

D2256/4-32 

54.4 

45.3 

7 

43 

-T1 

55.0 

46.8 

6 

44 

-T2 

56.4 

47.7 

9 

45 

-T3 

D2258/4  -34 

55.6 

46.0 

6 

46 

-T1 

53.4 

47.5 

3 

47 

-T2 

55.4 

47.4 

6 

48 

-T3 

55.2 

46,2 

6 

49 

-T4 

B2258/4-35 

54.8 

48.1 

4 

50 

-T1 

54,0 

45.8 

6 

FI 

-T2 

54.2 

46.0 

6 

52 

-T4 

H2258/4-36 

52  r  6 

47.1 

3 

53 

-T1 

C2301/3-37 

53.  f. 

45.2 

8 

54 

-T1 

54.4 

43.8 

10 
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TABLE  27.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 
MAGNESIUM  ALLOY  PRODUCTS,  DESIGNATED 
AREA,  A357  ALLOY  (Concluded) 


>5 


Test  Specimen 

TUS 

TYS 

Identification 

(ksl) 

(ksl) 

G2301 73-38 

-T1 

55.7 

45.8 

e 

(%) 

8 


>6 


G2301/3-39 

-T1 


55.2 


44.6 


8 


TABLE  28.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 

MAGNESIUM  ALLOY  PRODUCTS,  N0N-DESI6NATED 
AREA,  A357  ALLOY 


Item 

Test  Specimen 

TUS 

TYS 

No. 

Identification 

(ksl) 

(ksl) 

1 

F2237/3-13-T6 

53.9 

45.5 

2 

-T7 

53.4 

44.6 

3 

-T8 

53.6 

45.5 

4 

F2237/3-14-T6 

54.6 

46.0 

5 

-T7 

53.4 

46.2 

6 

F2237/3-15-T6 

54.2 

45.0 

7 

-T7 

54.0 

46.0 

8 

F2237/3-16-T6 

55.6 

47.9 

9 

F2244/2-17-T6 

5E.0 

46.8 

10 

-T7 

55.0 

45.3 

11 

-T8 

52.6 

44.6 

12 

F2244 /2-18-T6 

55.1 

45.5 

13 

-T7 

55.2 

47.1 

14 

F2244/2-19-T6 

54.4 

45.0 

15 

F2244/2-20-T6 

55.6 

47.3 

16 

F2250/4-21-T6 

55.4 

46.2 

17 

-T7 

56.0 

46.8 

18 

-T8 

55.2 

47.2 

19 

F2250/4-22-T6 

54.4 

47.1 

20 

-T7 

55.0 

47.0 

21 

F2250/4-24-T6 

54.4 

46.3 

22 

F2256/4-29-T6 

54.4 

44.5 

23 

-T7 

54.8 

44.8 

24 

-T8 

54.1 

45.1 

25 

F2256/4-30-T6 

54.0 

45.2 

26 

-T7 

53.6 

44.0 

27 

F2256/4-31-T6 

54.3 

44.2 

28 

F2256 /4-32-T6 

55.5 

46.5 

29 

F2258/4-34-T6 

55.2 

46.6 

30 

-T7 

54.4 

46.0 

31 

-T8 

54.5 

46.1 

32 

F2258/4-35-T6 

53.4 

43.2 

33 

“T7 

53.4 

44.2 

34 

F2258/4-36-T6 

52.5 

43.2 

35 

-T7 

53.3 

43.9 

36 

F2301/3-37-T6 

54.6 

46.3 

37 

F2301/3-38-T6 

54.1 

45.3 

38 

F2301/3-39-T6 

54.6 

45.0 

e 

(%) 

7 

7 

11 

6 

3 
6 
6 

5 

6 

9 
9 

7 

5 

6 
6 
6 
6 
9 

4 
6 
4 
9 

8 

10 
8 
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TABLE  29.  ROOM  TEMPERATURE  TENSILE  PROPERTIES 
TELEDYNE  CAST  PRODUCTS,  DESIGNATED 
AREA,  A3 57  ALLOY 


Item 

Test  Specimen 

7US 

TYS 

No. 

Identification 

(ksl) 

(ksl ) 

1 

A79-T1 

52.2 

42.7 

2 

-T2 

52.5 

43.0 

3 

A80-T1 

50.7 

42.4 

4 

-T2 

50.9 

42.2 

5 

-T3 

51.3 

42.7 

6 

B85-T1 

53.9 

45.0 

7 

-T2 

53.3 

45.6 

8 

-T3 

52.8 

46.4 

9 

T4 

52.7 

46.8 

10 

A86-T1 

53.3 

44.9 

11 

-T2 

53.3 

45.3 

12 

-T3 

52.5 

45.7 

13 

-T4 

51.7 

45.7 

14 

A87-T1 

53.7 

45.7 

15 

-T2 

54.9 

46.3 

16 

-T3 

54.0 

46.6 

17 

-T4 

53.7 

46.7 

18 

H88-T1 

54.7 

46.5 

19 

B89-T1 

53.9 

43.9 

20 

B90-T1 

54.7 

44.3 

21 

-T2 

53.5 

44.6 

22 

-T3 

52.8 

44.9 

23 

-T4 

52.5 

45.4 

24 

A91-T1 

53.7 

44.3 

25 

-T2 

53.5 

45.5 

26 

-T3 

51.9 

47.9 

27 

-T4 

52.9 

46.6 

28 

B92-T1 

52.9 

45.2 

29 

-T2 

53.9 

45.7 

30 

-T3 

54.7 

47.1 

31 

-T4 

54.3 

48.0 

32 

H93-T1 

54.4 

45.1 

33 

B94-T1 

54.4 

45.2 

34 

-T2 

53.9 

44.9 

35 

-T3 

53.1 

46.2 

36 

-T4 

52.7 

47.1 

37 

A95-T1 

53.5 

46.2 

38 

-T2 

53.5 

46.5 

39 

-T3 

54.2 

46.7 

40 

-T4 

53.7 

46.7 

41 

A96-T1 

54.1 

44.2 

42 

H97-T1 

54.2 

44.3 

43 

B98-T1 

54.3 

43.9 

44 

-T2 

52.2 

44.3 

45 

-T3 

52.7 

45.1 

TABLE  29.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 
TELEDYNE  CAST  PRODUCTS.  DESIGNATED 
AREA,  A3 57  ALLOY  (Concluded) 


Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

(ksl) 

(ksl) 

(%) 

46 

-T4 

54.1 

44.8 

7 

47 

A99-T1 

54.7 

44.3 

8 

48 

-T2 

53.7 

45.0 

6 

49 

-T3 

53.9 

45.5 

6 

50 

-T4 

53.7 

44.9 

6 
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TABLE  30.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 
TELEOYNE  CAST  PRODUCTS,  NON -DESIGNATED 
AREA,  A357  ALLOY 


Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

(ksl) 

(ksl) 

(X) 

1 

A79-T6 

44.8 

40.8 

2 

2 

-T7 

48.2 

41.6 

3 

3 

A80-T6 

47.3 

41.4 

3 

4 

-T7 

47.4 

41.4 

3 

5 

A81-T6 

49.1 

42.5 

4 

6 

B85-T6 

51.3 

44.5 

3 

7 

-T7 

51,5 

44.3 

3 

8 

A86-T6 

51.2 

43.9 

4 

9 

-T7 

51.3 

43.9 

4 

10 

A87-T6 

52.5 

45.4 

4 

11 

-T7 

51.1 

44.9 

3 

12 

H88-T6 

52.1 

44.9 

4 

13 

B89-T6 

50.5 

44.3 

3 

14 

B90-T6 

51.1 

44.1 

4 

15 

-T7 

51.0 

43.6 

5 

16 

A91-T6 

49.1 

43.1 

2 

17 

-T7 

52.1 

44.4 

5 

18 

B92-T6 

49.5 

43.7 

2 

19 

-T7 

52.7 

45.3 

4 

20 

H93-T6 

50.3 

44.2 

3 

21 

-17 

52.1 

44.5 

4 

22 

B94-T6 

49.3 

41.8 

3 

23 

-T7 

50.9 

44.3 

3 

24 

A95-T6 

51.0 

45.2 

3 

25 

-T7 

52.9 

45.2 

4 

26 

A96-T6 

50.3 

42.2 

4 

27 

H97-T6 

49.9 

43.5 

3 

28 

-T7 

52.5 

45.3 

4 

29 

B98-T6 

50.5 

43.9 

4 

30 

-T7 

51.9 

44.3 

5 

31 

A99-T6 

48.9 

43.0 

1 

32 

-17 

51.1 

42.7 

4 
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The  similarity  of  tensile  properties  In  designated  and  non-deslgnated  areas 
of  plates  from  Magnesium  Alloy  Products  reflected  a  similarity  of  quality  In 
the  two  areas.  Each  foundry  was  asked  to  downgrade  the  radiographic  quality 
In  the  non-deslgnated  areas  from  Grade  B  to  Grade  C.  This  was  only  partially 
accomplished.  Since  the  non-deslgnated  area  from  which  most  of  the  tensile 
specimens  were  excised  was  3/4  Inch  thick,  the  radiographic  flaws  may  have 
been  removed  during  the  machining  of  the  l/4-1nch  diameter  R3  tensile  speci¬ 
men.  Come  evidence  of  quality  degradation  was  shown  in  the  lower  properties 


of  non-designated  areas  of  the  Teledyne  Cast  Products  Company 

step  plates. 

The  effect  of  radiographic  unsoundness  on 
later  in  the  report. 

tensile  properties 

is  discussed 

(b)  Compression,  Bearing,  and  Shear  Properties 

The  average  compression  yield  strength  values  were  as 

follows : 

Designated 

Non-designated 

Areas 

Areas 

CYS 

CYS 

(ksi) 

(ksi) 

Magnesium  Alloy  Products 

48.5 

47.2 

Teledyne  Cast  Products 

45.8 

45.6 

Combi ned 

47.2 

46.4 

The  test  results  are  shown 

in  Tables  31,  32,  33  and  34  along 

with  correlated  tensile  property  values. 

The  average  shear  ultimate 

strength  values  were  as  follows: 

Designated 

Nondesignated 

Areas 

Areas 

SUS 

SUS 

(ksi) 

(ksi) 

Teledyne  Cast  Products 

34.1 

33.8 

Magnesium  Alloy  Products 

34.7 

34.2 

Combined 

34.4 

34.0 

The  test  values  and  correlated  tensile  properties 

are  shown  In 

Tables  31,  32,  33  and  34, 


TABLE  31.  COMPRESSION,  SHEAR,  AND  BEARING  PROPERTIES 

OF  A357  STEP  PLATES  MAGNESIUM  ALLOY  PRODUCTS, 
DESIGNATED  AREA 

Compression  Yield  Strength  (CYS): 

Tensile  Ultimate  Strength 
(Tus)  or  Tensile  Yield 
Strength  (Tys)  of  Companion 
Tensile  Specimen 


Item 

Specimen 

CYS 

TYS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

1 

A2237/3-13-C1 

47.6 

47.1 

A2237/3-13-T4 

2 

A2244/2-17-C1 

47.9 

47.0 

A2237/3-13-T4 

3 

A2256/4-29-C1 

47.6 

47.0 

A2256/4-29-T4 

4 

A2258/4-34-C1 

50.0 

48.1 

A2258/4-34-T4 

5 

A2250/4-21-C1 

49.4 

48.4 

A2250/4-21-T4 

Shear  Ultimate  Strength  (SUS): 

Item 

Specimen 

SUS 

TUS 

Identification 

No, 

Identification 

(ksi) 

(ksi) 

1 

A2237/3-13-S1 

33.9 

55.3 

A2237/3-13-T4 

2 

A2244/2-17-S1 

35.0 

54.4 

A2233/2-17-T4 

3 

A2256/4-29-S1 

34.6 

56.2 

A2256 /4-29-T4 

4 

A2258/4-34-S1 

34.9 

54.8 

A2258/4-34-T4 

5 

A2250/4-21-S1 

35.2 

54.6 

A2250/4-21-T4 

Bearing  Yield  and  Ultimate  Strength  Properties  (BYS  and  BUS): 


Item 

Specimen 

BYS 

BUS 

TYS 

TUS 

No. 

Identification 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

Identification 

e/D  « 

1.5 

1 

B2237/3-14-B1 

75.4 

94.2 

48.7 

54.2 

B2237/3-14-T4 

2 

B2250/4-22-B1 

75.8 

95.0 

47.7 

53.6 

B2250/4-22-T4 

3 

B2244/2-18-B1 

75.9 

95.7 

47.5 

54.6 

B2244/2-18-T4 

4 

B2256/4-30-B1 

74.2 

92.8 

45.4 

54.3 

B2256/4-30-T4 

5 

B2258/4-35-B1 

74.7 

91.8 

47.1 

52.6 

B2258/4-35-T4 

e/D  = 

2.0 

1 

A2237/3-13-B1 

83.3 

117.2 

47.1 

55.3 

A2237/3-13-T4 

2 

A2244/2-17-B1 

88.0 

107/5 

47.0 

54.4 

A2244/2-17-T4 

3 

A2250/4-21-B1 

85.8 

122.2 

48.4 

54.6 

A2250/4-21-T4 

4 

A2256/4-29-B1 

89.4 

119.8 

47.0 

56.2 

A2256/4-29-T4 

5 

A2258/4-34-B1 

89.8 

117.4 

48.1 

54.8 

A2258/4-34-T4 
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TABLE  32.  COMPRESSION,  SHEAR,  AND  BEARING  PROPERTIES 

OF  A357  STEP  PLATES  MAGNESIUM  ALLOY  PRODUCTS, 
NON-DESIGNATED  AREA 

Compression  Yield  Strength  (CYS) 


Ultimate  and  Yield 
Strength  of  Companion 
Tensile  Specimen 


Item 

Specimen 

CYS 

TYS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

1 

F2237/3-13-C2 

46.2 

45.5 

F2237/3-13-T6 

2 

F2244/2-17-C2 

46.8 

46.8 

F2237/3-17-T6 

3 

F2250/4-21-C2 

48.0 

46.2 

F2250/4-21-T6 

4 

F2256/4-29-C2 

46.5 

44.5 

F2250/4-21-T6 

5 

F2258/4-34-C2 

48.6 

46.6 

F2258/4-34-T6 

Shear  Ultimate 

Strength  (SUS) 

Item 

Specimen 

SUS 

TUS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

1 

F2237/3-13-S2 

33.0 

53.4 

F2237/3-13-T7 

2 

F2244/2-17-S2 

33.8 

55.0 

F2244/2-17-T7 

3 

F2250/4-21-S2 

34.9 

56.0 

F2250/4-21-T7 

4 

F2256/4-29-S2 

34.5 

54.8 

F2256/4-29-T7 

5 

F2258/4-34-S2 

34.9 

54.4 

F2258/4-34-T7 

Bearing  Yield  and  Ultimate  Strength  Properties  (BYS  and  BUS) 


Item 

Specimen 

BYS 

BUS 

TYS 

TUS 

No. 

Identification 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

Identification 

e/D  = 

1.5 

1 

F2237/3-13-B2 

72.3 

89.6 

45.5 

53.6 

F2237/3-13-T8 

2 

F2244/2-17-B2 

72.4 

90.5 

44.6 

52.6 

F2244/2-17-T8 

3 

F2250/4-21-B2 

75.7 

94.8 

47.2 

55.2 

F2250/4-21-T8 

4 

F2256/4-29-B2 

71.9 

88.8 

45.1 

54.1 

F2256/4-29-T8 

5 

F2258/4-34-B2 

74.5 

94.1 

46.1 

54.5 

F2258/4-34-T8 

e/D  - 

2.0 

1 

F2237 /3-13-B3 

82.6 

113.3 

44.6 

53.4 

F2237/3-13-T7 

2 

F2244/2-17-B3 

89.3 

115.0 

45.3 

55.0 

F2244/2-17-T7 

3 

F2250/4-21-B3 

87.1 

116.7 

46.8 

56.0 

F  2250/4-21— T7 

4 

F2256/4-29-B3 

91.9 

119.8 

44.8 

54.8 

F2256 /4-29-T7 

5 

F2258/4-34-B3 

90.5 

117.1 

46.0 

54.4 

F2258/4— 34-T7 

1 

1 

* 
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v- 

i*.  7;  '7 

’  k" 

$ 

TABLE  33.  COMPRESSION, 

SHEAR, 

AND  BEARING  PROPERTIES  h 

OF 

A357  STEP 

PLATES 

TELEDYNE 

CAST  PRODUCTS,  K 

1 

DESIGNATED  AREA 

!* 

L* 

;  Compressive  Yield  Strength  (CVS) 

r. 

Yield  and  Ultimate  j; 

*• 

Strength  of  Companion  K 

• 

Tensile  Specimen  K 

7  Item 

Specimen 

(CYS) 

TYS 

i 

Identification 

>1  No. 

Identification 

(ksl) 

(ksl) 

1; 

l"’ 

:*  i 

A86-C1 

46.3 

45.7 

A86-T4  [: 

•:  2 

A87-C1 

45.4 

46.7 

A87-T4  t- 

1  3 

A91-C1 

46.1 

46.6 

A91-T4  p 

■  4 

A95-C1 

47.1 

46.7 

A95-T4 

5 

A99-C1 

44.1 

44.3 

A99-T4  r; 

1*. 

Shear  Ultimate  Strength  (SUS) 

'0 

r, 

d  Item 

Specimen 

(SUS) 

TUS 

Identification  j*1 

?  No. 

Identification 

(ksi) 

(ksl) 

* 

|  1 

A86-S1 

33.7 

51.7 

A86-T4  - 

2 

A87-S1 

33.9 

53.7 

A87-T4  k 

3 

A91-S1 

34.2 

52.9 

A91-T4  {• 

i  4 

A95-S1 

34.5 

53.7 

A95-T4  f 

1 

A99-S1 

34.0 

53.7 

A99-T4 

p  Bearing  Yield  and  Ultimate  Strength  Properties  (BYS  and  BUS) 

r‘  Item 

Specimen 

BYS 

BUS 

TYS 

TUS 

Identification  | 

i  N°- 

Identification 

(ksl) 

(ksi) 

(ksl) 

(ksl) 

• 

e/D  « 

1.5 

f 

t 

::  i 

B85-B1 

74.0 

92.4 

46.8 

52.7 

B85-T4  1 

2 

B90-B1 

72.3 

91.6 

45.4 

52.5 

B90-T4  1 

i  3 

B92-B1 

78.3 

93.4 

48.0 

54.3 

B92-T4  ! 

!  4 

B94-B1 

73.0 

91.6 

45,2 

54.4 

B94-T4 

5 

B98-B1 

69.4 

90.6 

44.8 

54.1 

B98-T4 

e/D  S 

2.0 

\  i 

A86-B1 

84.6 

117.1 

45.7 

51.7 

A86-T4 

!  2 

A87-B1 

86.4 

118.3 

46,7 

53.7 

A87-T4 

1  3 

A91-B1 

89.4 

118.1 

46.6 

52.9 

A91-T4 

■;  4 

A95-B1 

88.4 

119.0 

46.7 

53.7 

A95-T4 

5 

\  3 

: 

r\ 

A99-B1 

82.0 

114.6 

44.3 

53.7 

A99-T4 

> 

A 

A 

k 

4 
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TABLE  34 


COMPRESSION,  SHEAR,  AND  BEARING  PROPERTIES 
Of  A357  STEP  PLATES  TELEDYNE  CAST  PRODUCTS, 
NON -DESIGNATED  AREA 


Compressive  Yield  Strength  (CYS) 


Yield  and  Ultimate 
Strength  of  Companion 
Tensile  Specimen 


Item 

Specimen 

(CYS) 

TYS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

1 

F86-C2 

46.4 

43.9 

F86-T6 

2 

F87-C2 

45.6 

45.4 

F87-T6 

3 

F91-C2 

45.9 

43.1 

F91-T6 

4 

F95-C  2 

46.2 

45.2 

F95-T6 

5 

F99-C2 

44.1 

43.0 

F99-T6 

Shear  Ultimate  Strength 

(SUS) 

Item 

Specimen 

(SUS ) 

TUS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

1 

F86-S2 

33.0 

51.3 

F86-T7 

2 

F87-S2 

34.4 

51.1 

F87-T7 

3 

F91-S2 

34.2 

52.1 

F91-T7 

4 

F95-S2 

34.1 

52.9 

F95-T7 

5 

F99-S2 

33.3 

51.1 

F99-T7 

Bearing  Yield  and  Ultimate  Strength  Properties 

(SYS 

and  BUS) 

Item 

Specimen 

BYS 

BUS 

TYS 

TUS 

Identification 

No. 

Identification 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

e/D 

«  1.5 

1 

F86-B3 

72.7 

90.9 

43.9 

51.2 

F86-T6 

2 

F87-B2 

88.5 

92.6 

45.4 

52.5 

F87-T6 

3 

F91-B2 

68.8 

90.7 

43.1 

49.1 

F91-T6 

4 

F95-B2 

72.8 

93.3 

45.2 

51.0 

F95-T6 

5 

F99-B? 

71.0 

92.7 

43.0 

48.9 

F99-T6 

e/D 

-  2.0 

1 

F86-B2 

85.7 

117,0 

43.9 

51.3 

F86-T7 

2 

F87-B3 

88.1 

117,8 

44.9 

51.1 

F87-T7 

3 

F91-B3 

87.2 

116.9 

44.4 

52.1 

F91-T7 

4 

F95-B3 

86.2 

116.9 

45.2 

52.9 

F95-T7 

5 

F99-B3 

83.9 

113.3 

42.7 

51.1 

F99-T7 
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The  bearing  ultimate  and  yield  strength  properties  at  edge  distances /diameter 
of  hole  (e/0)  ratios  of  1.5  and  2.0  are  shown  in  Tables  31,  32,  33  and  34; 
companion  tensile  properties  of  the  same  material  are  also  shown.  The  average 
bearing  ultimate  strength  (BUS)  and  yield  strength  (BYS)  were  as  follows: 

Designated  Non-designated 

Areas  Areas 

e/O  ratio  e/D  ratio  e/D  ratio  e/D  ratio 


1. 

.5 

2. 

0 

1, 

,5 

2. 

0 

BUS 

BYS 

BUS 

BYS 

BUS 

BYS 

BUS 

BYS 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

Magnesium  Alloy  Products 

93,9 

75.2 

117.2 

83.3 

91.6 

73.4 

113.3 

82.6 

Teledyne  Cast  Products 

91.9 

73.4 

117.4 

86.2 

92.4 

74.8 

116.4 

86.2 

Combined 

92.9 

74.3 

117.3 

84.7 

92.0 

74.1 

114.8 

84.4 

(c)  Design  Property  Determination  -  Tensile  Properties 

Magnesium  Alloy  Products  and  Teledyne  Cast  Products  provided 
data  on  106  tensile  tests  of  designated  areas  in  36  step  plate  castings  that 
were  produced  in  11  melts  and  4  heat  treatment  lots.  Statistical  A  and  B  ten¬ 
sile  property  values  determined  by  Battelle  Columbus  Institute  for  sand  com¬ 
posite  A357-T6  aluminum  alloy  castings,  were  as  follows: 

Designated  Area 
Property  Value 
A  B 

Ftu  (ksi )  50.6  52.2 
Fty  (ksi)  42.1  43.7 

Similar  design  allowable  tensile  property  values  could  not  be  determined  in 
non-designated  areas  of  the  step  plates,  since  the  values  from  the  two  suppli¬ 
ers  varied  significant  from  each  other  so  that  they  could  not  be  combined  into 
one  population.  Data  available  for  the  separate  populations  were  insufficient 
for  the  determination  of  A  or  B  allowables. 
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Compression,  Bearing,  and  Shear  Property  Ratio  -  All  property  values 
were  compared  to  a  companion  tensile  property  value  to  establish  a  property 
ratio.  The  average  ratio  determined  for  each  property  was  as  follows: 


Magnesium 

Alloy  Products 

Teledyne  Cast 

Products 

Property 

Ratio 

e/D 

Ratio 

Designated 

Area 

0.500  inch 

Non-designated 

Area 

0.750  inch 

Designated  Non-designated 
0.500einch  0.750*1 nch 

CYS/TYS 

1.021 

1.028 

0.996 

1.035 

SUS/TUS 

0.631 

0.625 

0.641 

0.654 

BUS/TUS 

1.5 

1.743 

1.696 

1.715 

1.822 

BYS/TYS 

1.5 

1,591 

1.605 

1,594 

1.693 

BUS/TUS 

2.0 

2.122 

2.127 

2.210 

2.251 

BYS/TYS 

2.0 

1.837 

1.941 

1.873 

1.950 

The 

following  results  were  obtained  by  combining  the  ratios  of  test 

results  from  each 

foundry  for 

designated  and  non-designated  casting  areas. 

Property 

Ratio 

e/D 

Ratio 

Magnesium  Teledyne 

Alloy  Products  Cast  Products  Combined 

CYS/TYS 

1.015 

0.999 

1.011 

SUS/TUS 

0.621 

0.640 

0.632 

BUS/TUS 

1.500 

1.697 

1.728 

1.721 

BYS/TYS 

1.500 

1.584 

1.578 

1.589 

BUS/TUS 

2.000 

2.084 

2.203 

2.147 

BYS/TYS 

2.000 

1.837 

1.883 

1.873 

(d)  Proposed  Specification  Values 

The  recommended  minimum  specification  values  for  designated 
areas  of  A357-T6  sand  composite  castings  are  as  follows: 

50  ksi  tensile  ultimate  strength 
40  ksi  tensile  yield  strength 
3  percent  elongation 


The  tensile  ultimate  strength  and  tensile  yield  strength  val¬ 
ues  are  based  on  the  A  values  statistically  determined  from  step  plate  data. 
The  3-percent  elongation  value  was  based  on  the  lov;est  value  that  repeated  in 
the  data  used  for  TUS  end  TYS  determinations.  The  recommended  minimum  speci¬ 
fication  values  for  A357-T6  non-designated  casting  areas  are  as  follows: 

45  ksi  tensile  ultimate  strength 
38  ksi  tensile  yield  strength 
2  percent  elongation 

These  values  are  based  on  10  percent  reduction  of  TUS  from 
the  50  ksi  required  in  designated  areas.  The  10-percent  reduction  was  allowed 
to  account  for  the  variations  in  OAS  and  radiographic  quality  In  these  areas 
of  the  castings.  A  reduction  of  yield  strength  to  38  ksi,  2  ksi  less  than  the 
40  ksi  required  in  designated  areas*  was  judged  adequate  to  account  for  any 
metallurgical  differences  that  would  retard  aging  In  these  areas  of  the  cast¬ 
ing.  Of  the  70  tests  from  the  non-designated  areas  of  the  step  plates,  a  2 
percent  elongation  value  was  the  lowest  value  that  repeated  In  more  than  one 
test. 


(e)  Design  Property  Table 

The  proposed  design  allowable  property  Information  (Table  35) 
was  derived  by  using  the  proposed  minimum  specification  strength  values  of 
designated  and  non-designated  areas  of  A357-T6  casting  material  »  and  the 
derived  ratios  for  determining  compression,  shear,  and  bearing  values. 

(f)  Elevated  Temperature  Tensile  Properties 

Elevated  tensile  testing  was  performed  at  temperatures  of 
250F,  300F,  350F,  and  400F.  The  results  are  shown  in  Tables  36  and  37  and  are 
compared  in  Figure  100.  In  general,  all  properties  decreased  with  increased 
temperatures,  with  the  exception  of  elongation  where  its  value  remained  fairly 
constant  in  the  range  of  350F  to  400F, 
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TABLE  35.  PROPOSED  MIL-HOBK-5  TABLE  FOR  DESIGN  MECHANICAL  AND 
PHYSICAL  PROPERTIES  OF  A357.0  ALUMINUM  ALLOY  CASTING 


Specification 

Form 

Condition 


(Proposed  AMS  XXXX) 
Casting 
T6 


Thickness,  in. 
Location 


0.500 

Designated  Area  Nan-designated  Area 


Basis 

Mechanical  properties: 


E,  103  ksi 
Ec>  10 3  ksi 
G,  103  ksi 


Physical  properties: 

,  lb/in.3 
C,  Btu/(lb)(F)  o 
K,  Btu/[(hr)(ft2((F)/ft] 
a,  10-6in./1n./F 


B 


Ftu j>  ksi 

50 

51 

45 

Fty,  ksi 

40 

43 

36 

F Cy *  ksi 

40 

43 

36 

Fsu  ksi 

31 

32 

28 

Ebru  *  ksi: 

(e/D  =  1.5) 

86 

88 

77 

(e/D  =  2.0) 

107 

109 

96 

Fbry »  ksi : 

(e/D  =  1.5) 

63 

68 

57 

(e/D  =  2.0) 

75 

80 

67 

e,  per  cent 

3 

2 

10.4 

10.5 
3.9 
0.33 


0.097 

0.23  (at  212F) 

88  (at  77F) 

12.0  (68  to  212F) 
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Table  36.  ELEVATED  TEMPERATURE  TENSILE  PROPERTIES. 
MAGNESIUM  ALLOY  PRODUCTS,  A357  ALLOY 


Specimen 

Tensile  Properties 

Identification 

Test  Temperature, 

TUS. 

(ksi) 

TYS, 

e. 

(F) 

(ksi) 

(X) 

13T5 

250 

45.2 

38.3 

9 

14T5 

250 

45.3 

38.2 

12 

17T5 

250 

45.2 

38.7 

10 

18T5 

300 

41.4 

36.8 

7 

21T5 

300 

42.3 

37.7 

8 

22T5 

350 

39.3 

36.3 

9 

29T5 

350 

39.3 

36.0 

8 

30T5 

350 

38.7 

35.5 

7 

34T5 

400 

34.9 

31.9 

6 

35T5 

400 

35.2 

32.8 

8 

Table  37. 

ELEVATED  TEMPERATURE  TENSILE  PROPERTIES, 
TELEDYNE  CAST  PRODUCTS,  A357  ALLOY 

Specimen 

Tensile 

Properties  1 

Identification 

Test  Temperature, 

TUS, 

TYS, 

e. 

(F) 

(ksi) 

(ksi) 

(X) 

85T-5 

250 

45.7 

40.3 

11 

86T-5 

250 

45.6 

40.4 

10 

87T-5 

300 

42.1 

36.9 

10 

90T-5 

300 

42.1 

36.8 

10 

91T-5 

300 

42.5 

37.3 

10 

92T-5 

350 

39.9 

36.7 

8 

94T-5 

350 

39.6 

35.7 

7 

95T-5 

400 

37.2 

35.4 

8 

98T-5 

400 

36.4 

34.4 

8 

99T-5 

400 

37.3 

34.9 
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(g)  Fracture  Toughness  Properties 

The  fracture  toughness  properties  obtained  from  a  separately 
cast  test  block,  0.8-1nch  thick,  were  as  follows: 


Specimen 

Yield 

Strength 

(ksi) 

Fracture 
Toughness 
(ksi  in  ) 

Reason 

Not  Valid 

Producing 

Foundry 

9193-1 

46.1 

25.4 

b 

Teledyne  Cast  Products 

9193-4 

46.0 

26.6 

c,  d 

Teledyne  Cast  Products 

2237-3-7 

44.1 

26.7 

a ,  b ,  c ,  d 

Magnesium  Alloy 

2244-2-8 

45.2 

25.7 

a,  c,  d 

Magnesium  Alloy 

2258-4-9 

44.1 

26.4 

a ,  b ,  c ,  d 

Magnesium  Alloy 

Average 

26.1 

a  =  Crack  length  >0.55  W 

b  =  Crack  length  nt  surface  1  is  less  than  85  percent  of  average  crack 
length 

c  -  Crack  length  at  surface  2  Is  less  than  85  percent  of  average  crack 
length 

d  =  Thickness  Is  less  than  2.5  M  * 

YS 

The  effect  of  weld  repair  and  radiographic  unsoundness  on 
the  fracture  toughness  properties  Is  discussed  later  In  the  report. 

(h)  Notched  Fatigue  Properties 

The  notched  fatigue  results  are  plotted  In  Figure  101. 
These  specimens  were  taken  from  the  designated  area  of  the  step  plate  cast¬ 
ings.  The  endurance  limit  for  the  material  appears  to  be  between  12.5  and  15 
ksi.  The  effect  of  weld  repair  and  radiographic  unsoundness  on  the  fatigue 
properties  is  discussed  later  in  the  report. 


(i)  Crack  Growth  Properties 


Five  crack  growth  specimens  were  excised  from  the  designated 
area  of  five  step  plate  castings  produced  by  two  foundries  and  forwarded  to 
the  AFWAL  Materials  Laboratory  for  testing.  The  crack  growth  rates  of  materi¬ 
al  from  each  foundry  were  found  to  be  similar.  A  full  report  of  the  testing 
and  results  was  prepared  by  tfon  0.  Tirpak,  2Lt,  USAF.  The  text  of  this  report 
Is  Included  In  the  Appendixes  F  and  G.  The  results  are  summarized  In  Figures 
101  and  102. 

(2)  A201  Alloy 

(a)  Tensile  Properties 

The  tensile  test  results  of  specimens  excised  from  step 
plates  are  listed  in  Tables  38,  39,  40  and  41.  The  following  summarizes  these 
results: 

Smlthford  Morris  Bean 

Products  Company  and  Company 


TUS 

TYS 

e 

TUS 

TYS 

e 

(ksi) 

(ksi) 

(%) 

(ksi) 

(ksi) 

(%> 

Designated  Area: 

Average 

64.0 

58.0 

6 

65.8 

60.2 

6 

Minimum 

59.9 

63.7 

2 

62.8 

56.2 

2 

Maximum 

69.0 

62,7 

11 

69.6 

63.4 

9 

Non-designated  Area: 

Average 

60.5 

55.3 

4 

65.4 

61.2 

3 

Minimum 

55.4 

50.7 

3 

62.9 

57.7 

1 

Maximum 

66.6 

58.1 

8 

67.6 

63.6 

9 

CRACK  GROWTH  RATE,da/dN,  [IN./CYC.J 


(MPa  tqrt  (m)) 

10  •  100 


FIGURE  103.  MAGNESIUM  ALLOY  PRODUCTS  (A357)  CRACK  GROWTH  TEST  RESULTS 
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FIGURE  102.  TELEDYNE  CAST  PRODUCTS  (A357)  CRACK  GROWTH  TEST  RESULTS 
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TABLE  38.  ROOM  TEMPERATURE  TENSILE  PROPERTIES 
DESIGNATED  AREA.  SMITHFORD  PRODUCTS 
A201  ALLOY 


m 

Test  Specimen 

TUS 

TYS 

. 

Identification 

(ksl) 

(ksi) 

A101-T1 

60.7 

55.0 

-T2 

66.5 

60.5 

-T3 

.  68.9 

62.6 

-T4 

60.9 

55.0 

A104-T1 

60.4 

54.5 

-T2 

65.5 

59.0 

-T3 

59.9 

53.8 

-T4 

68.8 

62.7 

A107-T1 

60.6 

54.6 

-T2 

65.9 

59.8 

-T3 

60.7 

54.4 

-T4 

68.5 

62.6 

A110-T1 

59.9 

53.9 

-T2 

65.5 

59.2 

-T3 

60.5 

54.6 

-T4 

69.0 

63.1 

F 

All 3-T 1 

63.1 

57.0 

-T2 

66.3 

60.9 

-T3 

63.5 

57.4 

-T4 

65.6 

62.0 

A106-T1 

62.6 

57.0 

i 

B102-T1 

62.8 

57.4 

-T2 

67.1 

60.9 

\ 

-T3 

62.2 

56.8 

) 

-T4 

67.2 

62.6 

) 

B105-T1 

62.6 

56.2 

J 

-T2 

66.3 

59.4 

i 

-T3 

62.7 

56.0 

9 

-T4 

65.9 

60.6 

) 

B108-T1 

63.3 

57.4 

. 

-T2 

66.5 

60.6 

? 

-T3 

63.1 

57.2 

J 

-T4 

65.4 

62.4 

\ 

Blll-Tl 

63.2 

56.7 

5 

-T2 

66.9 

61.4 

5 

-T3 

62.8 

56.6 

1 

-T4 

67.0 

62.4 

3 

B114-T1 

62.6 

55.4 

9 

-T2 

67.2 

60.8 

3 

-T3 

62.9 

56.2 

l 

-T4 

65.5 

61.1 

2 

B109-T1 

62.7 

56.0 

3 

H103 

66.3 

60.1 

4 

H112 

67.1 

60.6 

5 

H115 

60  1 

54.3 

5 

D119-T1 

61.1 

53.7 

TABLE  38.  ROOM  TEMPERATURE  TENSILE  PROPERTIES, 
DESIGNATED  AREA,  SMITHFORD  PRODUCTS, 
A201  ALLOY  (Concluded) 


Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

(ksl) 

(ksl) 

(%) 

47 

D120-T1 

61.3 

64.5 

10 

48 

D121-T1 

61.1 

54.1 

11 

49 

C111-T1 

6C.6 

59.0 

8 

50 

G123-T1 

60.6 

54.1 

9 

51 

G124-T1 

60.0 

53.7 

10 

230 


TABLE 

40.  ROOM  TEMPERATURE 

TENSILE 

PROPERTIES, 

DESIGNATED  AREA. 

MORRIS 

BEAN  AND  COMPANY 

A201  ALLOY 

Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

(ksl) 

(ksl) 

(X 

1 

A201-T1 

63.9 

61.5 

3 

2 

-T2 

65.9 

60.0 

6 

3 

-T3 

65.7 

59.9 

5 

4 

-T4 

68.5 

63.4 

c 

5 

B202-T1 

65  2 

58.8 

6 

6 

-T2 

63.6 

56.4 

$ 

7 

-T3 

63.9 

57.4 

C 

8 

-T4 

66.5 

59.2 

E 

9 

H203-T1 

65.6 

59.4 

E 

10 

A204-T1 

65.9 

59.9 

f 

11 

-T2 

67.0 

60.4 

E 

12 

-T3 

65.4 

59.9 

X 

% 

13 

-T4 

67.2 

60.8 

c 

14 

B205-T1 

65.1 

61.9 

4 

15 

-T2 

65.6 

60.1 

16 

-T3 

66.5 

60.5 

i 

17 

-T4 

69.6 

63.2 

1 

18 

A206-T1 

64.9 

61.5 

i 

19 

A207-T1 

64.2 

60.7 

l 

20 

-T2 

66.1 

59.7 

( 

21 

-T3 

64.8 

60.2 

22 

-T4 

67.2 

60.8 

23 

B208-T1 

63.8 

61.1 

24 

-T2 

63.8 

57.7 

25 

-T3 

62.8 

58.3 

26 

-T4 

67.2 

60.2 

27 

B209-T1 

65.0 

63.1 

28 

A210-T1 

64.6 

62.0 

29 

-T2 

67.3 

60.0 

30 

-T3 

64.8 

60.0 

31 

-T4 

69.3 

62.7 

32 

B211-T1 

65.7 

58.9 

33 

-T2 

66.6 

58.4 

34 

-T3 

65.7 

62.2 

35 

-T4 

67.5 

60.4 

36 

H212-T1 

66.9 

60.7 

37 

A213-T1 

66.3 

60.4 

38 

-T2 

67.7 

61.1 

39 

-T3 

66.4 

60.1 

40 

-T4 

62.9 

56.2 

41 

B214-T1 

64.0 

59.3 

42 

-T2 

64.5 

58.9 

43 

-T3 

64.7 

60.3 

44 

-T4 

67.8 

63.1 

45 

H215-T1 

66.1 

59.6 

46 

D219-T1 

64.6 

59.8 

232 
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TABLE  40. 


ROOM  TEMPERATURE  TENSILE  PROPERTIES. 
DESIGNATED  AREA,  MORRIS  BEAN  AND  COMPANY , 
A201  ALLOY  (Concluded) 


Item 

Test  Specimen 

No. 

Identification 

47 

D220-T1 

48 

0221 -T1 

49 

C222-T1 

50 

G223-T1 

51 

G224-T1 

52 

H225-T1 

TUS 

TYS 

e 

(ksi) 

(Rsl) 

<%) 

64.9 

58.9 

7 

65.6 

60.3 

5 

68.1 

61.3 

7 

64.4 

59.8 

5 

65.2 

60.8 

5 

67.5 

60.9 

8 

TABLE 

41.  ROOM  TEMPERATURE 

TENSILE 

PROPERTIES, 

NON 

DESIGNATED  AREA. 

MORRIS 

BEAN  AND  COMPANY 

A201  ALLOY 

Item 

Test  Specimen 

TUS 

TYS 

e 

No. 

Identification 

(kst) 

(ksl) 

(% 

1 

F201-T6 

65.5 

61.7 

4 

2 

-T7 

63.9 

61.7 

1 

3 

-T8 

66.0 

57.7 

7 

4 

F202-T6 

65.9 

59.4 

5 

5 

-T7 

64.7 

58.1 

5 

6 

F203-T6 

67.4 

63.6 

3 

7 

-T7 

67.6 

60.3 

3 

8 

F204-T6 

63.0 

61.2 

2 

9 

-T7 

67.2 

61.8 

6 

10 

-T8 

67.3 

60.7 

8 

11 

F205-T6 

66.4 

63.0 

4 

12 

-T7 

64.3 

61.8 

2 

13 

F206-T6 

66.8 

61.9 

2 

14 

F207-T6 

65.2 

62.0 

3 

15 

-T7 

65.5 

61.5 

V 

16 

-T8 

67.2 

60.3 

8 

17 

F208-T6 

66.0 

61.5 

4 

18 

-T7 

63.3 

6C.3 

2 

19 

F209-T6 

67.4 

62.0 

% 

20 

F210-T6 

64.5 

62.0 

* 

Si 

21 

-T7 

64.9 

62.0 

2 

22 

-T8 

66.9 

59.3 

t 

23 

F211-T6 

65.2 

61.8 

#■ 

24 

-T7 

64.9 

60.8 

* 

25 

F212-T6 

64.3 

62.8 

r 

< 

26 

-T7 

67.3 

62.4 

27 

F213-T6 

65.1 

61.8 

28 

-%7 

65.6 

61.7 

29 

-T8 

62.5 

59.7 

30 

F214-T6 

65.7 

63.0 

31 

-T7 

62.9 

61.0 

32 

F215-T6 

65.5 

62.0 

33 

F225-T6 

63.6 

59.6 

(b)  Compression,  Bearing,  and  Shear  Properties 


Compression  Shear  Strength:  Test 

values  for  each  compression 

specimen  are  listed  in  Tables  42, 

43,  44  and  45. 

Average  compression  yield 

strength  values 

were  as  follows: 

Designated  Area 
CYS 
(ksi) 

Non-designated  Area 

CYS 

(ksi) 

Smithford 

Products  Company 

64.7 

55.3 

Morris  Bean 
and  Company 

64.1 

58.9 

Combined 

64.4 

57.1 

Shear  Strength: 

Shear  strength 

test  results  are  listed  in 

Tables  42,  43, 

44  and  45.  Average  shear  ultimate  strength  values  were  as 

fol 1 ows : 

Designated  Area 
SUS 
(ksi) 

Non-designated  Area 

SUS 

(ksi) 

Morris  Bean 
and  Company 

40.2 

39.4 

Smithford 

Products  Company 

41.0 

38.8 

Combined 

40.6 

39.1 

Bearing  Properties:  Bearing  property  test  results  with  e/D 
ratios  of  1.5  and  2.0  are  shown  in  Tables  42,  43,  44  and  45.  The  average 
bearing  ultimate  and  yield  scrength  values  were  as  follow?: 

Designated  Area  Non-designated  Area 

e/D  Ratio  e/D  Ratio  e/D  Ratio  e/D  Ratio 

1.5  2,0  1.5  2.0 


BUS 

BYS 

BU'> 

BYS 

BUS 

BYS 

BUS 

B';S 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

Smithford 

Products  Company 

99.5 

88.7 

136.9 

111.1 

107.4 

87.8 

127.5 

99.2 

Morris  Bean 
and  Company 

110.0 

93.7 

142.4 

112.6 

108.4 

90.4 

129.7 

104.4 

Combined 


104.8  91.2  139.6  111.8 


107.9  89.1  128.6  101.8 


TABLE  42.  COMPRESSION,  SHEAR,  AND  BEARING 
PROPERTIES  OF  A201  STEP  PLATES 
SMITHFORD  PRODUCTS,  DESIGNATED 
AREA 

Compression  Yield  Strength  (CYS) 

Ultimate  and  Yield 
Strength  of  Companion 
Tensile  Specimen 


Item 

No. 

Specimen 

Identification 

CYS 

(ksl) 

TYS 

(ksl) 

Identification 

1 

A101-C1 

64.7 

55.0 

A104-T4 

2 

A104-C1 

65.3 

62.7 

A104-T4 

3 

A107-C1 

64.8 

62.6 

A107-T4 

4 

A110-C1 

65.5 

63.1 

A110-T4 

5 

A113-C1 

63.4 

62.0 

A113-T4 

Shear  Ultimate  Strength  (SUS) 


Item 

Specimen 

SUS 

TUS 

No. 

Identification 

(ksi) 

(ksl) 

1 

A101-S1 

41.0 

60.9 

A101-T4 

2 

A104-S1 

41,3 

68.8 

A104-T4 

3 

A107-S1 

41.2 

68.5 

A107-T4 

4 

A110-S1 

41.2 

69.0 

A110-T4 

5 

A113-S1 

40.1 

65.6 

A113-T4 

Bearing  Yield  ar.d  Ultimate  Strength  Properties  (BYS  and  BUS) 
Item  Specimen  BYS  BUS  TYS  TUS 


No. 

Identification 

(ksl) 

(ksl) 

(ksi) 

(ksi) 

e/D  = 

1.5 

1 

B102-B1 

89.9 

95.2 

62.6 

67.2 

B102-T4 

2 

B105-BI 

88.1 

98,7 

60.6 

65.9 

B105-T4 

3 

B108-B1 

90.1 

100.9 

62.4 

65.4 

B108-T4 

4 

Blll-Bl 

88.6 

99.1 

62.4 

67.0 

6111 -T 4 

5 

BU4-B1 

86.7 

103.6 

61.1 

65.5 

B114-T4 

e/D  = 

2.0 

1 

A101-B1 

131.4 

134.6 

55.0 

60.9 

B101-T4 

2 

A104-B1 

107.0 

136.1 

62.7 

68.8 

B101-T4 

3 

A107-B1 

107,0 

139.6 

62.6 

68.5 

B107-T4 

4 

A110-B1 

103.8 

137.9 

63.1 

69.0 

A110-T4 

5 

A113-B1 

106.3 

136.2 

62.0 

65.6 

A113-T4 

I 

I 


i 


i 

I 


r 


i 


t  V 


TABLE  43*  COMPRESSION,  SHEAR,  AND  BEARING 
PROPERTIES  OF  A201  STEP  PLATES, 

SMITHFORD  PRODUCTS,  NON-DESIGNATED 
AREA 

Compression  Yield  Strength  (CYS) 

Ultimate  and  Yield 
Strength  of  Companion 


Tens  11 

e  Specimen 

Item 

Specimen 

CYS 

TYS 

Identification 

No. 

Identification 

(ksl) 

(ksi ) 

1 

F101-C2 

55.3 

53.4 

F101-T6 

2 

F104-C2 

54.5 

51.1 

F104-T6 

3 

F107-C2 

54.8 

51.1 

F107-T6 

4 

F110-C2 

55.1 

50.7 

F110-T6 

5 

F113-C2 

57.0 

55.4 

F113-T6 

Shear  Ultimate 

Strength  (Sus) 

Item 

Specimen 

SUS 

TUS 

No. 

Identification 

(ksl) 

(ksl) 

1 

F101-S2 

39.9 

58,2 

F101-T7 

2 

F104-S2 

39.5 

58.3 

F104-T7 

3 

F107-S2 

37.2 

56.0 

F107-T7 

4 

F110-S2 

39.4 

56.8 

F110-T7 

5 

F113-S2 

37.9 

60.7 

F113-T7 

3 


L, 

Bearing  Yield  and  Ultimate  Strength  Properties  (BYS  and  BUS)  >; 


Item 

Specimen 

BYS 

B'JS 

TYS 

TUS 

No. 

Identification 

(ksi ) 

(ksi) 

(ksi) 

(ksi) 

i  ■ 

e/D  = 

•  1.5 

n 

1 

F101-B2 

87.1 

106.1 

56.8 

62.9 

F101-T8 

2 

F104-B2 

88.2 

107.3 

58.1 

63.9 

F104-T8 

3 

F107-B2 

88.2 

108.7 

58.1 

64.8 

F107-T8 

4 

F110-B2 

88.2 

107.5 

59.6 

65.6 

F110-T8 

jr4 

5 

FU3-B2 

87.3 

107.3 

58.8 

66.6 

F113-T8 

73 

e/D  = 

=  2.0 

1 

F101-B3 

98.8 

125.5 

52.9 

58.2 

F101-T7 

£ 

2 

F104-B3 

97.4 

126.5 

53.0 

58.3 

F101-T7 

r 

3 

F107-B3 

100.0 

129.7 

51.2 

56.0 

F107-T7 

► « 

4 

F110-B3 

98.1 

125.9 

51.9 

56.8 

F110-T7 

;  *  , 

■  *i 

5 

F113-B3 

101.9 

129.2 

55.8 

60.7 

F113-T7 

n  I 

TABLE  44.  COMPRESSION,  SHEAR,  AND  BEARING 

PROPERTIES  OF  A201  STEP  PLATES,  MORRIS 
BEAN  AND  COMPANY,  DESIGNATED  AREA 

Compression  Yield  Strength  (C YS ) 


Ultimate  and  Yield 
Strength  of  Companion 
Tensile  Specimen 


Item  Specimen 

CYS 

TYS 

Identification 

No.  Identification 

(ksi) 

(ksi) 

1  A20I-C1 

62.0 

63.4 

A201-T4 

2  A204-C1 

63.5 

60.  e 

A204-T4 

3  A207-C1 

64.0 

60.8 

A207-T4 

4  A210-C1 

64.2 

62.7 

A210-T4 

5  A213-C1 

63.0 

56.2 

A213-T4 

Shear 

Ultimate  Strength  (SUS) 

Item  Specimen 

SUS 

TUS 

No.  Identification 

(ksi) 

(ksi) 

1  A201-S1 

40.1 

68.5 

A201-T4 

2  A204-S1 

40.4 

67.2 

A204-T4 

3  A207-S1 

39.9 

67.2 

A207-T4 

4  A210-S1 

40.0 

69.3 

A210-T4 

5  A213-S1 

40.7 

62.9 

A113-T4 

Bearing  Yield  and  Ultimate 

Strength  Properties  (BYS  and 

BUS) 

Item 

Specimen 

BYS 

BUS 

TYS 

TUS 

No. 

Identification 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

e/D  « 

1.5 

1 

B202-B1 

91.3 

111.1 

59.2 

66.5 

B202-T4 

2 

B205-B1 

95.2 

111.4 

63.2 

69.6 

B205-T4 

3 

B208-81 

92.9 

110.6 

60.2 

67.2 

B2Q8-T4 

4 

B211-B1 

93.8 

110.2 

60.4 

67.5 

B211-T4 

5 

B214-B1 

95.2 

111.4 

63.1 

67.8 

B214-T4 

e/D  = 

2.0 

1 

A201-B1 

106.1 

139.1 

63.4 

68.5 

A201-T1 

2 

A204-B1 

113.8 

140.6 

60.8 

67.2 

A204-T1 

3 

A207-B1 

110.8 

143.6 

60.8 

67.2 

A207-T1 

4 

A210-B1 

226.9 

145.5 

62.7 

69.3 

A210-T1 

5 

A213-B1 

115.4 

143.0 

56.2 

62.9 

A213-T1 

238 


TABLE  45,  COMPRESSION,  SHEAR,  AND  BEARING 
PROPERTIES  OF  A201  STEP  PLATES, 

MORRIS  BEAN  AND  COMPANY,  NON- 
DESIGNATED  AREA 

Compression  Yield  Strength  (CYS) 

Ultimate  and  Yield 
Strength  of  Companion 
Tensile  Specimen 


Item 

Specimen 

CYS 

TYS 

Identification 

No. 

Identification 

(ksl) 

(ksi) 

1 

F201-C2 

61.6 

61.7 

F201-T6 

2 

F204-C2 

61.7 

61.2 

F204-T6 

3 

F207-C2 

63.8 

62.0 

F207-T6 

4 

F210-C2 

62.8 

62.0 

F210-Y6 

5 

F213-C2 

62.6 

61 .8 

F213-T6 

Shear  Ultimate 

Strength  (SUS) 

Item 

Specimen 

SUS 

TUS 

No. 

Identification 

(ksi) 

(ksi) 

1 

F201-S2 

39.6 

63.9 

F201-T7 

2 

F204-S2 

39.0 

67.2 

F204-T7 

3 

F207-S2 

39.7 

65.5 

F207-T7 

4 

F210-S2 

39.9 

64.9 

F210-T7 

5 

F213-S2 

38.7 

65.6 

F213-T7 

Bearing  Yield  and  Ultimate  Strength  Properties  (BYS  and  BUS) 
Item  Specimen  BYS  BUS  TYS  TUS 


No. 

Identification 

(ksi) 

(ksi) 

(ksi) 

(ksi) 

e/D  = 

1.5 

1 

F201-B2 

89.1 

107.2 

57.7 

66.0 

F201-T8 

2 

F204-B2 

92.8 

109.9 

60.7 

67.3 

F204-T8 

3 

F207-B2 

89.3 

107.3 

60.3 

67.2 

F207-T8 

4 

F210-B2 

90.4 

108.4 

59.3 

66.9 

F210-T8 

5 

F213-B2 

90.1 

'  109.4 

59.7 

62.5 

F213-T8 

e/D  - 

2.0 

1 

F201-B3 

105.2 

105.2 

61.7 

63.9 

F201-T7 

2 

F204-B3 

103.0 

123.6 

61.8 

67.2 

F204-T7 

3 

F207-B3 

105.0 

136.5 

61.5 

65.5 

F207-T7 

4 

F210-B3 

103.0 

130.3 

62.1 

64.9 

F210-T7 

5 

F213-B3 

105.7 

129.3 

61.7 

65.6 

F213-T7 

r 

f. 


I 
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(c)  Design  Property  Determination 


Tensile  Properties 

Although  all  the  tensile  values  from  the  designated  area  of 
the  step  plates  exceeded  the  minimum  target  values  of  60  ksl  UTS  and  53  ksl 
YS,  the  distribution  of  the  values  were  skewed.  This  prevented  the  data  from 
being  combined  Into  a  single  population  for  determining  A  and  B  design  allow¬ 
ables.  The  property  variation  between  the  two  groups  of  data  Is  shown  In 
Figure  103.  The  data  were  analyzed  by  Battelle  Columbus  Laboratories.  The 
complete  report  of  their  findings  is  Included  in  the  Appendix  D.  A  separate 
analysis  was  made  of  data  from  the  material  produced  by  each  foundry.  Al¬ 
though  the  data  provided  were  Insufficient  for  MIL-HDBK-5  A  and  B  allowable 
determinations,  the  analysis  did  provide  information  for  guidance  in  deter¬ 
mining  specification  S  values.  The  results  were  as  follows: 


Designated  Non-Deslgnated 

Foundry  Area  Area 


and  Property 

Fbu 

Fby 

Ftu 

Fty 

Basis  (1) 

(ksi) 

(ksl) 

(ksl) 

(ksl) 

Smithford  Products  Company 

A  values 

- 

- 

52 

48 

B  values 

60a 

53l 

55 

51 

Morris  Bean  and  Company 

A  values 

61 

56 

61 

57 

B  values 

63 

57 

63 

58 

NOTE:  1.  Determined  by  non-parametric  technique 


NUMBER  OF  TESTS  NUMBER  OF  TESTS 


STRESS 


5 

56  57  58  59  60 

61 

62 

63  >: 

TENSILE  YIELD  STRENGTH  (ksi) 

w 

L 

!.■ 

!•' 

STRESS 


TENSILE  ULTIMATE  STRENGTH  (ksi) 

FIGURE  104  HISTOGRAMS  FOR  A201-T7  TENSILE  YIELD  AND  ULTIMATE  STRENGTH 

DATA,  DESIGNATED  AREA  OF  STEP  PLATE 


Compression,  Shear,  and  Bearing  Property  Ratio 
A  tensile  test  was  performed  In  each  test  area  for  comparison 
with  compression,  bearing,  and  shear  property  values  to  establish  a  property 
ratio.  The  average  ratio  of  properties  from  each  area  was  as  follows: 


Smlthford 

Products  Co. 

Morris  Bean  and  Company 

Designated 

Non-Deslgnated 

Designated 

Non-Deslgnated 

Property 

e/D 

Area 

Area 

Area 

Area 

Ratio 

Ratio 

0.500  Inch 

0.750  Inch 

0.500  Inch 

0.750  Inch 

CYS/TYS 

1.034 

1.058 

1.044 

1.012 

SUS/TUS 

0.603 

0.669 

0.601 

0.602 

BUS/TUS 

1.5 

1.504 

1.659 

1.639 

1.645 

BYS/TYS 

1.5 

1.435 

1.507 

1.531 

1.518 

BUS/TUS 

2.0 

2.023 

2.200 

2.127 

1.983 

BYS/TYS 

2.0 

1.694 

1.875 

1.857 

1.690 

The  following  reduced  values  were  obtained  after  combining  the  non-deslgnated 
and  designated  area  results: 


Property 

e/D 

Smlthford 

Morris  Bean 

Ratio 

Ratio 

Products  Company 

and  Company 

CYS/TYS 

1.034 

1.005 

SUS/TUS 

0.615 

0.589 

BUS/TUS 

1.5 

1.526 

1.616 

BYS/TYS 

1.5 

1.446 

1.511 

BUS/TUS 

2.0 

2.053 

1.989 

BYS/TYS 

2.0 

1.730 

1.700 

The  following  property  ratios  were  determined  by  combining  the  values  of  each 
property  ratio  from  each  process. 

Property  e/D  Combined 

Ratio  Ratio  Ratio  Values 


(d)  Proposed  Specification  Values 


f ol 1 ows : 


The  proposed  specification  values  for  A201-T7  castings  are  as 


Minimum 

Properties 

Designated 

Area 

Non-Designated 

Area 

Ultimate 

60  ksi 

56  ksi 

Tensile  Strength 

Yield  Strength 

50  ksi 

48  ksi 

Elongation 

3* 

2% 

A  review  of  the  tensile  data  shows  that  the  proposed  minimum 
strength  values  were  met  or  exceeded  in  each  of  the  tests  except  for  one  UTS 
of  55.4  ksi  in  a  non-designated  area.  The  three-percent  elongation  value  was 
achieved  in  98  of  the  102  tests,  while  the  two-percent  elongation  in  the 
non-designated  area  tests  was  achieved  54  of  the  55  tests. 


(e)  Design  Property  Table 

The  design  property  information  shown  in  Table  35  was  develop¬ 
ed  from  the  proposed  specification  tensile  values  and  related  ratio  values  of 
compression,  shear,  and  bearing. 


(f)  Elevated  Temperature  Tensile  Properties 

The  results  of  elevated  temperature  tensile  testing  at  250, 
300,  and  400F  are  listed  in  Tables  36  and  37.  The  tensile  properties  at  the 
various  temperatures  are  compared  in  Figure  110.  The  figure  depicts  a  de¬ 
crease  of  ultimate  and  yield  strength  values  but  no  significant  change  with  an 
increase  of  temperature. 
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TABLE  46.  PROPOSED  MIL-HDBK-5  TABLE  FOR  DESIGN 
MECHANICAL  AND  PHYSICAL  PROPERTIES 
OF  A201.0  ALUMINUM  ALLOY  CASTING 

Specification  (Proposed  AMS-XXX) 

Form  Casting 

Condition  T7 

Thickness,  In.  0.500 

Location  Designated  Area  Non-deslgnated  Area 


Basis  S  S 

Mechanical  properties: 


Ftu.  ksl 

60 

56 

Fty,  ksi 

50 

48 

FCy.  ksl 

51 

49 

Fsu.  ksl 

36 

34 

Fbru,  ks1: 

(e/D  -  1.5] 

1  95 

88 

(e/D  -  2.0] 

1  122 

114 

Fbry,  ksl : 

(e/D  -  1.5] 

1  74 

71 

(e/D  -  2.0; 

1  87 

83 

e,  per  cent 

3 

2 

i* 


kV 


E,  103  ksl 
Ec,  10 3  ksl 
G,  103  ksl 


10.3 

10.7 

4.0 

0.33 


Physical  properties: 

,  lb/in. 3 
C,  Btu/(lb)(F) 

K,  Btu/[(hr)(ft2((F)/ft3 


0.101 

0.22  (at  21 2F) 
70  (at  77F) 
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Table  47.  ELEVATED  TEMPERATURE  TENSILE  PROPERTIES, 
SMITHFORD  PRODUCTS,  A201  ALLOY 


Specimen  Tensile  Properties 


Identification 

Test  Temperature,  F 

HJS 

TYS 

e 

ksl 

ksl 

(%) 

101T5 

250 

59.1 

54.9 

11 

102T5 

250 

58.9 

54.8 

7 

104T5 

250 

59.9 

54.6 

10 

105T5 

300 

55.4 

51.5 

9 

107T5 

300 

56.1 

53.1 

10 

108T5 

350 

52.5 

49.0 

10 

110T5 

350 

52.9 

49.5 

10 

111T5 

350 

53.1 

48.8 

9 

113T5 

400 

46.4 

42.8 

8 

114T5 

400 

47.1 

42.3 

10 

Table  48.  ELEVATED  TEMPERATURE  TENSILE  PROPERTIES, 
MORRIS  BEAN  AND  CO.,  A201  ALLOY 


Specimen  Tensile  Properties 

Identification  Test  Temperature,  F  TUS  TYS  e 


ELONGATION, 

PERCENT  STRENGTH,  ksi 


64 


«  SMITHFORD  PRODUCTS  CO. 

—  MORRIS  BEAN  &  COMPANY 


ELONGATION 


TEST  TEMPERATURE,  F 

FIGURE  105.  EFFECT  OF  TEMPERATURE  ON  TENSILE  PROPERTIES 
OF  A201-T7  MATERIAL 
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(g)  Fracture  Toughness  Properties 


Fracture  toughness  values  obtained 
from  separately  cast  test  blocks  were  as  follows: 


Yield 

Specimen 

Strength 

(ksi) 

128P 

63.2 

128A 

59.4 

S/N  20 

54.8 

S/N  30-1 

60.1 

S/N  32-1 

59.2 

Average 

59.3 

Fracture  Reason 

Toughness  Not  Valid 

(ksi  in) 

23.2  Valid  KIc 
24.9 

33.2 

30.7 

32.8 

29.9 


from  specimens  machined 

Producing 

Foundry 

Smithford  Products  Co. 
Smithford  Products  Co. 
Morris  Bean  and  Co. 
Morris  Bean  and  Co. 
Morris  Bean  and  Co. 


The  microstructure  of  specimens  exhibiting  the  highest  and  lowest  values  was 
evaluated  in  an  attempt  to  determine  a  reason  for  the  variation.  Photomicro¬ 
graphs  from  specimen  128P  (23.2  ksi  inl/2)  and  specimen  32-1  (32.8  ksi 
inl/2)  are  shown  in  Figures  106  and  107,  The  microstructure  of  the  lower 
toughness  specimen  showed  a  greater  amount  of  precipatate,  both  inter- 
and  intragranular.  Since  failure  occurred  intergranularly,  the  lower  fracture 
toughness  was  attributed  to  the  greater  amount  of  grain  boundry  precipitate 
in  the  microstructure  of  specimen  128P.  The  effect  of  welding  on  the  tough¬ 
ness  properties  is  discussed  later  in  the  report. 


(h)  Notched  Fatigue  Properties 

The  endurance  of  notched  fatigue  specimens  tested  at  various 
stress  levels  was  plotted  in  Figure  108.  The  apparent  endurance  stress  limit 
of  material  from  both  foundries  was  between  6  and  10  ksi  at  107  cycles. 
The  effect  of  radiographic  unsoundness  and  weld  repair  is  discussed  later  in 
the  report. 
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(KELLER'S  ETCH)  X100  SPECIMEN  128P  86-oo2?»-2oa 


FIGURE  106.  PHOTOMICROGRAPHS  OF  TYPICAL  STRUCTURE  OF  A201-T7  FRACTURE 
TOUGHNESS  SPECIMEN  EXHIBITING  23.2  ksi  sqrt  inch  AT  63,2  ksi  Y.S. 


(KELLER'S  ETCH)  X100  SPECIMEN  32-1 


86 *0023 7j A 


\ 

*  ■ 

•  '  -m  ■* 

V ,  :"«W; 

..  ■ "  •:  ;-*s.  V  ■ * 


‘ S.  ' 
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(KELLER'S  ETCH)  X500  SPECIMEN  32-1 


85  00237-  38 


FIGURE  107.  PHOTOMICROGRAPHS  OF  TYPICAL  STRUCTURE  OF  A201-T7  FRACTURE 
TOUGHNESS  SPECIMEN  EXHIBITING  32.8  ksi  sqrt  inch  AT  59.2  ksi  Y.S. 
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FATIGUE  LIFE.  CYCLES  (N) 

< 

FIGURE  108.  S/N  PLOT  OF  NOTCHED  FATIGUE  PROPERTIES  OF  A201-T7  MATERIAL 


(i)  Crack  Growth  Properties 


The  results  of  crack  growth  testing  as  shown  In  Figure  108 
were  reported  by  J.  Tirpak,  2Lt.,  USAF,  stationed  at  the  AFWAL  Material 
Laboratory.  The  crack  growth  characteristics  of  the  material  were  reported  to 
be  similar  to  those  of  commonly  used  wrought  products,  such  as  2124-T851 
plate.  The  AFWAL  report  is  included  in  the  Appendix  F. 


5,  Effect  of  Weld  Improvement 

To  evaluate  the  effect  of  weld  improvement  on  the  mechanical  properties  of 
the  parent  cast  material,  weld  coupons  were  excised  from  step  plates  and  test¬ 
ed  for  tensile  strength,  notched  fatigue,  and  fracture  toughness  properties. 
Both  A201-T7  and  A357-T6  material  were  Included  in  the  evaluation. 

a.  Weld  Procedures 

The  welding  of  A357-T6  material  was  done  at  Teledyne  Cast  Products  and 
Magnesium  Alloy  Products  foundries  using  normal  production  welding  procedures. 
The  A201-T7  material  was  welded  in  the  following  manner  at  the  Northrop  Metal- 
1  ics  Research  Laboratory,  Twelve  weld  coupons,  0.5-inch  thick  by  2.5  inches 
wide  by  3.0  inches  long,  were  sectioned  from  the  designated  area  of  the  step 
plates.  A  60-degree  "V"  groove  was  machined  in  the  center  of  the  coupons  to  a 
depth  of  0.25  inch  and  parallel  to  the  3-inch  length.  A  3/32-inch  radius  was 
machined  at  the  bottom  of  the  groove  and  a  3/16-inch  radius  was  added  to  the 
corners.  After  machining  the  groove,  the  coupons  were  chemically  cleaned  in 
47-percent  HN03,  3-percent  HF ,  and  50-percent  HgO  solution,  then  rinsed 
with  tap  water  and  deionized  water  and  air  dried.  Welding  was  conducted  by 
the  GTA  welding  process  with  di rect-current ,  straight-polarity,  and  100- 
percent  helium  shielding.  The  filler  metal  was  A201  material  0.094  inch  in 
diameter.  Prior  to  welding,  the  rod  was  cleaned  with  "Scotch  Brite"  and  wiped 
with  acetone  to  remove  any  foreign  particles.  The  welding  parameters  for  each 
pass  were  as  follows: 
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CRACK  GROWTH  RATE.  da/dN,  [IN./CYC.] 


(NM/CYCLE) 


Group 

Plate 

Pass 

Current 

No. 

No. 

No. 

(amps) 

222 

1 

150 

219 

2 

140-160 

1 

123 

3 

120-130 

221 

4 

130-140 

122 

1 

160 

120 

2 

150-160 

2 

119 

3 

130-140 

224 

4 

130-140 

132 

1 

160 

133 

2 

140-150 

3 

124 

3 

120-130 

121 

4 

130-140 

The  composition  of  the  weld  wire  was  as  follows: 

Copper  4.8711 
Silver  0.57% 
Manganese  0.37% 
Magnesium  0.25% 
Titanium  0.19% 

Iron  0.03% 

Silicon  0.03% 
Aluminum  Remainder 
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b.  Test  Procedure 

All  welded  step  plates  were  Inspected  using  radiography  and  fluores¬ 
cent  penetrant  techniques  prior  to  machining  the  test  specimens.  The  speci¬ 
mens  were  machined  as  shown  In  Figure  109,  such  that  the  weld  was  located  In 
the  middle  of  the  tensile  specimen  and  In  the  notched  area  of  the  fatigue 
specimen.  The  compact  tension  fracture  toughness  specimens  were  machined  such 
that  the  weld  was  located  In  and  ahead  of  the  machined  notch.  In  addition, 
all  machined  test  specimens  were  x-rayed  prior  to  testing  to  ensure  the 
correct  location  of  the  weld. 

c.  Test  Results 
(1)  A3 57  Alloy 

(a)  Tensile  Properties 


Magnesium  Alloy  Products  Step  Plate  Material 
Test 


Specimen 

TUS 

TYS 

e 

(ksl) 

(ksl) 

(X) 

16-T1 

54.4 

45.0 

5.0 

16-T2 

55.8 

47.5 

7.0 

20-T1 

55.8 

45.8 

8.0 

20  T  2 

56.4 

47.1 

8.0 

32-T1 

55.6 

45.6 

9.0 

32 -T  2 

55.2 

45.2 

9.0 

Average  (weld) 

55.5 

46.0 

7.7 

Average  (parent  metal ) 

55.0 

47.2 

6.4 

Teledyne  Cast  Products  Step  Plate  Material 


Test 

Specimen 

TUS 

TYS 

e 

(ksl) 

(ksl) 

(X) 

81-T1 

52.5 

43.5 

8.0 

81-T2 

51.5 

43.4 

6.0 

81 -T  3 

52.3 

43.8 

7.0 

Average  (weld) 

52.1 

43.6 

7.0 

Average  (parent  metal ) 

53.4 

45.3 

5.5 
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FATIGUE 

TENSILE,  ELEVATED  TEMPERATURE 
FRACTURE  TOUGHNESS 
CRACK  GROWTH 


FIGURE  110.  LOCATION  OF  WELDED  SPECIMENS  WITHIN  THE  DESIGNATED  AREA 

OF  THE  STEP  PLATE 


(b)  Fracture  Toughness  Properties:  Magnesium  Alloy  Products  Step 
Plate  Material  (all  specimens  were  of  Insufficient  thickness  to  obtain  a  valid 
Kjc  value). 

WELD  AREA  NON-WELDED  AREA 


Test 

Specimen 

Yield 

Strength 

(ksl) 

*Q 

(ksl  In) 

Test 

Specimen 

Yield 

Strength 

(ksl) 

Kg 

(ksl  In) 

37-FT1 

43.8 

27.4 

15-FT1 

45.5 

20.8 

38-FT1 

45.8 

22.3 

36-FT1 

43.6 

18.5 

39-FT1 

44.6 

22.8 

39-FT1 

44.6 

25.2 

Average 

44.7 

24.2 

Average 

44.6 

21.5 

(c)  Notch  Fatigue  Properties 


The  effects  of  weld  Improvement  on  notch  fatigue  behavior  of 
Teledyne  Cast  Products  and  Magnesium  Alloy  Products  test  material  are  shown 
In  Figure  110. 

(d)  Conclusions 

Weld  Improvement  processing  of  cast  A357  was  successful  In  re¬ 
storing  tensile  and  fracture  toughness  properties^  however,  a  degradation  of  2 
to  3  ksl  occurred  In  notched  fatigue  properties  after  500,000  cycles. 

(2)  A201  Alloy 


(a)  Tensile  Properties: 

Smithford 

Product  Step 

Plate  Material 

Test 

TUS 

TYS 

e 

Specimen 

(ksl) 

(ksl) 

(X) 

120-T2 

62.6 

55.8 

5.0 

122-T2 

68.0 

59.6 

8.0 

123-T2 

67.9 

61.2 

4.0 

Average  (weld) 

66.2 

58.9 

5.3 

Average  (parent  metal ) 

64.0 

58.0 

5.6 
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TELEDYNE  WELDED  MATERIAL 
MAGNESIUM  ALLOY  WELDED  MATERIAL 


Morris  Bean  and  Company  Step  Plate  Material 


Test 

Specimen 

TUS 

TYS 

e 

(ksl) 

(ksl) 

(%) 

219-T1 

69.0 

61.3 

7.0 

224-T2 

68.8 

62.3 

6.0 

224-T3 

67.0 

59.7 

8.0 

Average  (weld) 

68.3 

61.1 

7.0 

Average  (parent  metal) 

65.8 

60.2 

5.6 

(b)  Fracture  Toughness  Properties:  Smlthford  Products  Company 
Step  Plate  Material 

Test 

Specimen  Kq,  ksl  In 

215-4  37.3 

215-5  37.4 

Average  (weld)  37.4 

Average  (parent  metal )  27.2 

Morris  Bean  and  Company  Step  Plate  Material 

Test 

Specimen  Kq,  ksl  In 

33-2  34.8 

Average  (parent  metal )  29.0 

(c)  Notch  Fatigue  Properties 

The  effects  of  weld  Improvement  on  the  notch  fatigue  behavior 
of  A201-T7  material  is  shown  In  Figure  1X1. 

(d)  Conclusions 

The  results  of  weld  Improvement  processing  of  A201-T7  cast 
material  Indicated  that  tensile  properties  of  the  material  were  not  changed, 
fracture  toughness  was  Improved,  and  the  notched  fatigue  properties  were 


258 


SMITHFORD  PRODUCTS  MATERIAL 


FATIGUE  LIFE,  CYCLES  IN} 

FIGURE  112.  S/N  FATIGUE  PROPERTIES  OF  DEFECTIVE  A201-T7  MATERIAL 

AFTER  WELD  IMPROVEMENT 


\ 

Improved  In  tests  up  to  1,000,000  cycles;  beyond  1,000,000  cycles,  the  effect 
was  not  clear  due  to  the  lack  of  sufficient  data. 


6.  Effect  of  Radiographic  Unsoundness 

i  i 

;a.  Procedure 

Step  plates  were  produced  to  less  than  a  6rade  C  (per  MIL-C-6021  and 
Table  49)  radiographic'  quality,  and  evaluated  to  determine  the  effect  of 
unsbundness  on  tensile,  fracture  toughness,  and  notched  fatigue  properties. 
Tesi  specimens  were  excised  from  the  designated  casting  area  and  reinspected 
after  machining  to  their  final  configuration  to  confirm  the  unsoundness 
quality  of  the  test  material.  With  the  exception  of  the  radiographic  quality, 
the  material  was  produced  using  the  same  procedures  as  the  other  step 
plates  evaluated  In  the  program. 

b.  Test  Results 


(1)  A357  Alloy 


(a)  Tensile  Properties 

Magnesium  Alloy  Products: 


Test  Specimen 

40- T1 

41- T1 

42- T1 

Average  Gr-D 
Average  Gr-B 


TUS 

(ksl) 

TVS 

(ksl) 

e 

(%) 

Discontinuity, 
ASTM  Plate  No. 
(Grade  D) 

46.4 

42.0 

2.0 

Sponge  Shrinkage, 

No.  4 

40.7 

39.7 

2.0 

Sponge  Shrinkage, 

No.  4 

44.4 

42.2 

1.0 

Sponge  Shrinkage, 

No.  4 

43.8 

41.3 

1.8 

55.0 

47.2 

6.4 

The  Grade  0  quality  of  the  tensile  specimens  are  shown  In  Figure  112. 

A  maximum  severity  of  permissible  sponge  shrinkage  Is  depicted  In  ASTM 
Plate  4  for  Grade  D  quality  casting. 
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FIGURE  113.  PHOTOGRAPHIC  REPRODUCTION  OF  RADIOGRAPH  DEPICTING  SPONGE 
SHRINKAGE  IN  A357-T6  TENSILE  SPECIMENS 


TABLE  49.  MIL-C-6021  RADIOGRAPHIC  SEVERITY  LEVEL 
REQUIREMENTS  FOR  ALUMINUM  CASTINGS  PER 
ASTM  El  55 

Grade  A  Grade  B  Grade  C  Grade  D 
Discontinuity  Radiograph  (Thickness) 

Inch  Inch  Inch  Inch 

1/4  3/4  1/4  3/4  1/4  3/4  1/4  3/4 


Gas  holes 

1.1 

None 

(ASTM  Plate  Number) 
11  2  2 

5  5 

Gas  porosity  (round) 

1.21 

None 

1  1 

3  3 

7  7 

Gas  porosity 

1.22 

None 

1  2 

3  4 

5  5 

(elongated) 

Shrinkage  cavity 

2.1 

None 

1  NA  y 

2  NA  y 

3  NA  y 

Shrinkage  porosity  or 

2.2 

None 

1  1 

2  2 

4  3 

sponge 

Foreign  material  (less 

3.11 

None 

1  1 

2  2 

4  4 

dense  material) 

Foreign  material  (more 

3.12 

None 

1  1 

2  1 

4  3 

dense  material ) 

Segregation 

3.2 

None 

None 

None 

None 

Cracks 

NA  y 

None 

None 

None 

None 

Cold  Shuts 

NA  y 

None 

None 

None 

None 

Surface  irregularity 

Core  shift 

NA  y 
na  y 

Not  to  exceed  drawing 
Not  to  exceed  drawing 

tolerance 

tolerance 

1/  Not  available 

NOTE :  The  l/4-1nch  thickness  requirements  are  to  be  used  for  material  up 
to  and  including  1/2  inch. 


The  3/4- inch  thickness  requirements  are  to  be  used  for  material  from 
1/2  inch  to  and  including  2  inches. 


Teledyne  Cast  Products: 


Test  Specimen 

TUS 

TYS 

e 

Discontinuity, 

(ksi ) 

(ksi) 

(%) 

ASTM  Plate  No. 

(Grade  C-D) 

83-T1 

48.4 

42.4 

3.0 

Rd  Gas  Porosity, 

No. 

4 

83-T2 

47.7 

41.6 

3.0 

Rd  Gas  Porosity, 

No. 

7 

82-T1 

46.7 

41.0 

3.0 

Rd  Gas  Porosity, 

No. 

7 

82-T2 

48.8 

42.7 

4.0 

Rd  Gas  Porosity, 

No. 

4 

81-T1 

48.7 

42.3 

4.0 

Rd  Gas  Porosity, 

No. 

4 

81-T2 

45.4 

41.8 

2.0 

Rd  Gas  Porosity, 

No. 

4 

Average  Gr  C-D 

47.6 

42.0 

3.3 

Average  Gr  B 

53.4 

45.3 

5.5 

Figure  113  depicts  the  Grade  C  to  D  radiographic  quality  of 
the  specimens.  The  maximum  round  gas  porosity  allowed  is  ASTM  Plate  No.  3  for 
Grade  C  and  7  for  Grade  D. 

(b)  Notch  Fatigue  Properties 

The  effect  of  Grade  D  gas  porosity  and  Grade  C  sponge  snrink- 
age  on  notch  fatigue  behavior  of  A357  alloy  Is  shown  in  Figure  114.  The  radi¬ 
ographic  quality  of  the  specimens  Is  depicted  in  Figures  113. 

(c)  Fracture  Toughness  Properties 
Magnesium  Alloy  Product: 


Test  Specimen 

Kq, 

ksi  in 

Discontinuity, 

ASTM  Plate  No. 

40-FT1 

25.1 

Sponge  Shrinkage,  No.  6 

41 -FT 1 

22.5 

Sponge  Shrinkage,  No.  7 

44-FT1 

23.0 

Sponge  Shrinkage,  No.  6 

Average  (Grade  worse  than  D)  23.3 
Average  (Grade  B  material)  22.0 

The  radiographic  quality  is  shown  in  Figure  115.  The  maximum 
sponge  shrinkage  allowed  for  Grade  D  material  is  ASTM  Plate  No,  4. 
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88-00237-10 


FIGURE  114.  PHOTOGRAPHIC  REPRODUCTION  OF  RADIOGRAPH  SHOWING  GAS 
POROSITY  IN  A357-T6  TENSILE  SPECIMENS  AND  GAS  POROSITY  AND  SPONGE 
SHRINKAGE  IN  NOTCHED  FATIGUE  SPECIMENS 
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FIGURE  116.  PHOTOGRAPHIC  REPRODUCTION  OF  RADIOGRAPH  SHOWING  SPONGE  SHRINKAGE 
EVALUATED  IN  A357-T6  FRACTURE  TOUGHNESS  SPECIMENS 


(d)  Conclusions 


Tensile  property  values  of  ultimate  strength  and  elongation 
were  reduced  due  to  the  presence  of  Grade  C-D  sponge  shrinkage  and  Grade  0  gas 
porosity.  Notched  fatigue  strength  was  significantly  reduced  by  the  presence 
of  Grade  0  round  gas  porosity.  However  Grade  C  sponge  shrinkage  appeared  to 
have  much  less  effect  although  the  data  was  very  limited.  Fracture  tough¬ 
ness,  Kq  values,  were  not  affected  by  the  presence  of  Grade  C-D  sponge 
shrinkage. 

(2)  A201  Alloy 

(a)  Tensile  Properties 


Smithford  Cast  Products 


Test  Specimen 

TUS 

(ksi) 

TYS 

(ksi) 

e 

(%) 

Discontinuity, 
ASTM  Plate  No. 
(Grade  D) 

117-T1 

56.7 

54.9 

1.0 

Rd  Gas  Porosity, 

No.  7 

117-T2 

57.1 

55.4 

1.0 

Rd  Gas  Porosity, 

No.  7 

118-T1 

59.3 

56.9 

1.0 

Rd  Gas  Porosity, 

No.  6 

118-T2 

59.8 

57.2 

1.0 

Rd  Gas  Porosity, 

No.  6 

Average  Grade  C  to  D 

58.2 

56.1 

1.0 

Average  Grade  B  material 

64.0 

58.0 

5.6 

Figure  116  shows  the  radiographic  quality  of  the  test  speci¬ 
mens. 

Morris  Bean  and  Company 

Six  tensile  specimens  were  machined  from  the  three  defective 
step  plates  submitted  by  Morris  Bean  and  Company.  However,  after  machining 
and  radiographic  examination,  the  test  material  was  Grade  B  instead  of  Grade 
C.  Apparently,  the  Grade  C  defects  shown  originally  were  superficial  and  were 
removed  during  machining.  Therefore,  the  tensile  test  was  not  performed. 
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FIGURE  117. PHOTOGRAPHIC  REPRODUCTION  OF  RADIOGRAPH  SHOWING  ROUND 
GAS  POROSITY  EVALUATED  IN  A2Q1-T7  TENSILE  SPECIMENS 


(b)  Notch  Fatigue  Properties 


The  effect  of  Grade  C  to  D  radiographic  quality  (as  shown  m 
Figure  117)  on  the  notch  fatigue  behavior  of  A201  alloy  is  shown  In  Figure 
118.  Grade  D  round  gas  porosity,  ASTM  Plate  No.  6  and  7  lowered  the  fatigue 
resistance  at  both  high  and  low  stress  levels. 

(c)  Fracture  Toughness  Properties 

Smithford  Product 

Test  Discontinuity, 

Specimen  Kq,  ksi  in  ASTM  Plate  No. 

(Grade  D) 

115-FT-l  22.8  Rd  Porosity,  No.  5 

117- FT-l  23.4  (kjc)  Rd  Porosity,  No.  6 

118- FT-l  25.3  (kjc)  Rd  Proosity,  No.  6 

Ave  Gr-D  24.4 

Ave  Gr-B  27.2 

(d)  Conclusions 

Tensile  ultimate  strength  and  elongation  were  significantly 
reduced  because  of  Grade  D  round  gas  porosity  In  the  material. 

Grade  D  round  gas  porosity  reduced  the  notched  fatigue 
endurance  limits  of  the  material  20  to  30  percent  and  fracture  toughness 
approximately  10  percent. 
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PROPERTIES  OF  A201-T7  MATERIAL 


SECTION  X 

VERIFICATION  OF  QUALITY  ASSURANCE  ACCEPTANCE  (QAA)  PROCEDURE 

1.  INTRODUCTION 

Specifications,  such  as  MIL-A-21180,  provide  only  radiographic  and  pene¬ 
trant  Inspection  of  each  casting  to  ensure  a  consistency  of  tensile  property 
capability.  This  has  not  been  sufficient  to  ensure  consistent  results. 

Quality  Assurance  Acceptance  (QAA)  procedures  and  criteria  have  been  de¬ 
veloped  that  will  correlate  with  and  reliably  predict  the  tensile  property 
capability  of  castings.  Such  inspection  procedures  and  acceptance  criteria 
were  established  for  A357-T6  and  A201-T7  castings.  To  demonstrate  the  applic¬ 
ability  of  these  criteria  to  typical  configurations  of  the  aerospace  industry 
various  Airframe  manufacturers  were  solicited  to  provide  a  test  configuration 
for  evaluation.  Three  configurations  of  A357-T6  material  and  three  configura¬ 
tions  of  A201-F7  material  were  obtained  as  shown  in  Figures  1  through  6.  The 
process  history  of  each  casting  was  unknown. 

2.  TEST  PROCEDURE 

Each  casting  was  evaluated  in  accordance  with  the  QAA  Requirements  previ¬ 
ously  established  and  included  in  specifications  contained  in  Appendix  H.  In 
lieu  of  a  melt  analysis,  the  chemical  composition  was  determined  from  a  sample 
cut  from  the  casting.  Since  none  of  the  castings  had  integrally  attached 
coupons,  it  was  necessary  to  excise  a  test  coupon  from  an  area  of  the  casting 
to  simulate  an  attached  coupon.  The  QAA  test  requirements  were  as  follows: 

Process  Acceptance 

Variable  Test  Method  Criteria- 

Composition  Spectrographic  Specification 

Analysis  Report  Composition 

of  Melt  Sample  Limits 
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FIGURE  122.  CASTING  NO.  3,  A357  ALLOY 


FIGURE  123.  CASTING  NO.  4.  A201  ALLOY 


Process 

Acceptance 

Variable 

Test  Method 

Criteria 

Internal 

Radiographic 

Maximum  Defect 

Soundness 

Examination 

Not  Worse  Than 

(MIL-STD -00453) 

Grade  B  Per 

MIL-C-6021 

1/4"  Stds. 

Heat  Treatment 

(1)  Tensile  Properties 

A357-T6: 

Response 

of  Attached  Coupon 

42-47  ksi  YS 

(ASTM  B557 ) 

51  ksi  UTS 

A201-T7 

60  ksi  UTS 

55  ksi  YS 

(2)  A201-T7 

Electrical  Conductivity 
(MI L-STD-1 537 ) 

31%  IACS  Min. 

(3)  Hardness 

A201-T7 :  70HRB 

(ASTM  E18 ) 

A357-T6:  90HRB 

Sol  i d i f 1  cat i on 

A357-T6 

A357-T6 

Rate  -  DAS  Control 

DAS  Evaluation 

Max  DAS 

(A357  Only) 

Per  Proposed 

Det.  by 

Specification 

Specification 

All  castings,  regardless  of  their  predicted  acceptability,  were  included 
in  the  final  tensile  property  evaluation.  When  the  test  results  satisfied  the 
acceptance  criteria,  it  was  predicted  that  the  tensile  properties  of  the 
verification  castings  or  specific  areas  of  the  casting  would  at  least  be  equal 
to  the  minimum  tensile  properties  specified  in  the  proposed  material  specifi¬ 
cation.  These  property  values  were  as  follows: 


Material 


Properties  (UTS-YS-e) 


A357-T6 
A201-T7 

3.  TEST  RESULTS  AND  CONCLUSIONS 

a.  A357-T6  Castings  (Figures  1,  2,  and  3) 

The  acceptance  test  results  of  A357-T6  Castings  1,  2,  and  3  are 
discussed  below. 


(1)  Composition 

(taken 

from  the 

casting) 

Casting 

Content , 

% 

Si 

Mg 

Fe 

Ti 

Be 

Mn 

A1 

No.  1 

6.8 

0.68 

0.05 

0.11 

0.05 

0.02 

Remainder 

No.  2 

6.6 

0.66 

0.16 

0, 14 

0.06 

0.01 

It 

No.  3 

6.7 

0.57 

0.09 

0.16 

0.05 

0.01 

II 

Acceptance 

6.0 

0. 50 

0.20 

0.10 

0.04 

0.05 

II 

Limits 

8.0 

0.70 

Max 

0.20 

0.07 

Max 

All  of  the  compositions  were  determined  to  be  within  the  acceptance 
range  for  samples  taken  directly  from  the  casting. 

(2)  Hardness 

Hardness  values  taken  to  confirm  that  the  casting  was  aged  to  the 
T6  condition,  were  as  follows:  Casting  No.  1:  96.3  to  100.0  HRE;  No.  2:  94.2 
to  96.9  HRE;  and  No.  3:  92.6  to  95,0  HRE,  Since  all  values  exceeded  a  minimum 
value  of  90  HRE,  the  material  was  condisered  to  be  in  the  T6  condition. 

(3)  Integral  Attached  Test  Coupon  Tensile  Properties 

Coupons  excised  from  each  casting  to  simulate  an  Integral 
attached  coupon  were  evaluated  for  tensile  properties.  The  following  results 
were  obtained: 


50  ksi  -  40  ks  1  -  3% 
60  ksi  -  50  ksi  -  3* 
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Simulated  Attached  Coupon  Properties 


Ultimate 

Tensile 

Yield 

Elongation 

Casting  No. 

Strength 

(ksi) 

Strength 

(ksi) 

(%) 

1 

55 

45 

12 

2 

52 

(41) 

8 

3 

(46) 

(39) 

6 

Requi red 
Minimum 

51 

42/47 

(  )  Unacceptable  value 

Casting  No.  1  was  acceptable;  however,  Castings  No.  2  and  No. 
3  were  not  acceptable  due  to  the  low  values  of  yield  strength  and  ultimate 
tensile  strength  indicated. 

Casting  No.  2  was  given  an  additional  aging  of  one  hour  at  330F. 
A  second  coupon  excised  from  the  casting  showed  the  following  tensile  proper¬ 
ties: 

Ultimate  tensile  strength  52.5  Ksl 

Yield  strength  44.0  ksi 

Elongation  7.4  percent 

Since  these  were  acceptable  properties  for  the  attached  coupon, 
casting  No.  2  remained  in  the  program  for  further  evaluation  as  a  candidate 
casting  which  has  a  capability  of  meeting  minimum  tensile  properties.  Since 
casting  No.  3  did  not  exhibit  minimum  coupon  properties,  it  was  predicted  that 
the  casting  would  not  be  capable  of  meeting  minimum  specification  properties. 
No  further  testing  was  necessary. 


(4)  Radiographic  Quality 

Castings  Nos.  1  and  2  were  radiographically  Inspected  and  were 
judged  to  be  acceptable  to  Grade  B  requirements  of  MIL-C-6021,  which  limits 
the  size  and  severity  of  defects  to  Plate  No.  1  of  ASTH  radiographic  stan¬ 
dards  of  ASTM  E155. 

(5)  DAS 

DAS  measurements  were  made  on  the  surface  of  various  areas  of 
Casting  Nos  1  and  2.  Areas  of  smallest  and  largest  DAS  were  selected  to 
simulate  the  attached  coupons. 

DAS  and  tensile  property  values  from  test  sites  that  were 
used  to  simulate  the  attached  coupons  were  as  follows: 


Casting 

Test  Site 

DAS  Values 

Tensile  Properties 

Area,  DAS 

(Inch) 

UTS 

YS 

e 

(Ksl) 

(Ksl) 

(*) 

1 

Small 

0.0010 

53.9 

44.6 

9.0 

1 

Large 

0.0017 

50.8 

42.4 

6.5 

2 

Small 

0.0008 

52.5 

42.0 

13.1 

2 

Large 

0.0020 

47.3 

40.5 

3.7 

The 

calculated 

maximum  DAS  for  the 

minimum 

tensll e 

ultimate 

strength  of  50  Ksl  was  determined  In  the  manner  specified  In  the  proposed 
specification  AMS  XXXX  Included  In  Appendix  H. 

DAS^  *fDAS2  -  DASX\  (UTSi  -  UTS3)  +  DASi 
(  UTSi  -  UTS 2  / 

Where: 


DASmax  *  Maximum  size  DAS  acceptable  to  meet  minimum  tensile 
properties  (1  x  10"*  inches) 

UTSi  «  Ultimate  tensile  strength  of  the  attached  coupon  with  smallest 
DAS  (ksl) 


UTS2  s  Ultimate  tensile  strength  of  the  attached  coupon  with  largest 
DAS  (ksl ) 

UTS3  =  Ultimate  tensile  strength  minimum  required  (ksi) 

DASj  =  Size  of  DAS  of  coupon  with  smallest  structure 
(1  x  10“4  Inches) 

DAS2  =  Size  of  DAS  of  coupon  with  largest  structure 
(1  x  10-4  inches) 

The  maximum  permissible  DAS  of  casting  No.l  was: 

DASmax  a  17-10  (53.9-50)  +  10  =  _7_  (3.9)  +  10  ^  18.8  x  10“4  inch 

53.9-50.8  3.1 


The  maximum  permissible  DAS  of  casting  No.  2  was: 
DASmax  a  20-8  (52.5-50)  +  8  =  12_  (2.5)  +  8  -  13.8  x  10“4  inch 

52.5-47.3  5.2 

The  DAS  of  various  test  sites  on  each  casting  were  as  follows: 


Casting 

Test  Site 

DAS 

Maximum 

Permissible  DAS 

Location 

(1  x  10-4)  inches 

(1  x  10-4  inches) 

1 

1 

0.0009 

0.0018 

1 

2 

0.0013 

0.0018 

1 

3 

0.0011 

0.0018 

1 

4 

0.0010 

0.0018 

2 

1 

0.0009 

0.0013 

2 

2 

0.0011 

0.0013 

2 

3 

0.0010 

0.0013 

(6)  Prediction  of  Casting  Capability 

The  findings  indicate  that  both  castings  1  and  2  show  a  capabili¬ 
ty  of  meeting  the  minimum  ultimate  strength  of  50  ksi  yield  strength  of  40  ksi 
and  elongation  of  3%,  while  casting  Number  3  does  not  show  a  similar  capabili¬ 
ty  of  exhibiting  these  properties. 


(7)  Casting  Tensile  Properties  Determination 

Tensile  specimens  excised  from  each  casting  exhibited  the  fol¬ 
lowing  properties: 


Casting 

Test  Site 

Tensile  Properties 
UTS  YS 

(Ksl)  (Ksl) 

e 

(*) 

1 

1 

53.4 

42.9 

11.5 

1 

2 

52.0 

42.2 

8.0 

1 

3 

52.6 

42.7 

8.0 

1 

4 

53.7 

44.7 

7.5 

2 

1 

52.2 

40.8 

12.0 

2 

2 

51.9 

41.6 

9.2 

2 

3 

53.2 

42.3 

13.2 

3 

1 

46.0 

39.0 

6.0 

3 

2 

46.5 

38.7 

5.6 

3 

3 

46.5 

37.8 

3.4 

3 

4 

48.6 

39.8 

6.1 

3 

5 

48.6 

39.7 

5.8 

(8)  Conclusions 

These  results  demonstrate  the  following: 

(a)  The  prediction  that  casting  1  and  2  had  the  capability  of 
meeting  minimum  tensile  strength  properties  of  50  Ksl  UTS,  40  Ksl  YS  and  3X 
elongation  was  correct. 

(b)  The  strength  properties  of  casting  3  were  correctly  predic¬ 
ted  to  be  Incapable  of  exhibiting  minimum  strength  properties  of  50  Ksl  'JTS, 
40  Ksl  YS,  and  3t  elongation. 

(c)  The  validity  of  the  QAA  procedures  and  criteria  was  demon¬ 
strated  to  apply  to  A357-T6  casting  configurations  procured  for  flight  hard- 


b.  A201-T7  Castings  (Figures  4,  5,  and  6) 

Castings  4,  5,  and  6  of  A201-T7  were  subjected  to  QAA  tests  proposed 
In  AMS  material  specification  for  A201-T7  aircraft  structural  casting  procure¬ 
ment  in  Appendix  H.  Results  of  the  tests  are  discussed  below. 

(1)  Composition  (taken  from  the  casting) 


Casting 

Cu 

Fe 

Si 

Mg 

T1 

Ag 

Mn 

A1 

Number 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(t) 

4 

4.91 

0.08 

0.02 

0.23 

0.25 

0.71 

0.29 

Remainder 

5 

4.89 

0.09 

0.04 

0.35 

0.18 

0.60 

0.34 

Remainder 

6 

4.26 

0.05 

0.02 

0.20 

0.33 

0.50 

0.30 

Remainder 

Acceptance 

4.0 

0.05 

0.05 

0.20 

0.15 

0.50 

0.20 

Limits 

5.5 

Max. 

Max. 

0.40 

0.35 

1.0 

0.50 

The  compo 

sitlon 

of  the 

castings  was 

considered  acceptable 

for  further 

uation  although  the 

values 

of  0.08  and 

0.09 

for  Iron 

(Fe) 

exceeded  the 

acceptance  limit. 

(2)  Hardness  and  Conductivity 

Results  of  the  hardness  and  conductivity  tests  were  used  to  con¬ 
firm  that  the  castings  were  overaged  to  the  T7  condition.  The  following  val¬ 
ues  were  obtained: 


Casting 

Hardness 

(HRB) 

Electrical 
Conductivity 
(%  IACS) 

No.  4 

61.0  to  72.7 

31.5  to  32.7 

No.  5 

70.2  to  75.2 

29.8  to  31.5 

No.  6 

68.2  to  76.7 

31.0  to  32.0 

Proposed 

Minimum 

70.0 

31.0 

The  results  were  tentatively  accepted  pending  determination  of 
tensile  properties  from  an  Integral  coupon. 

(3)  Radiographic  Quality 

Radiographic  examination  of  each  casting  Indicated  that  the  qual- 
Ity  varied  as  follows: 

Casting  No. 

4  Grade  B  and  C 

5  Grade  B,  C,  and  D 

6  Grade  B 

The  castings  were  accepted  for  further  evaluation,  based  on  the 
existence  of  Grade  B  areas,  for  use  In  predicting  casting  tensile  property 
capability. 

(4)  Integrally  Attached  Coupons 

Since  attached  coupons  were  not  available,  an  excised  coupon  was 
tested.  The  results  were  as  follows: 


Casting 

Number 

Ultimate 

Tensile 

Strength 

(ksl) 

Yield 

Strength 

(ksl) 

El ongatlon 
(*) 

4 

64.3 

56.7 

9.8 

5 

60.4 

58.2 

2.7 

6 

59.4 

48.1 

9.9 

Proposed 

Minimum 

60.0 

55.0 

(Not  Required) 

Since  the  test  coupon  of  Casting  6  did  not  meet  the  minimum  yield 
strength  of  55  ksl  or  ultimate  strength  of  60  ksl,  the  casting  was  judged  to 
not  be  capable  of  meeting  minimum  tensile  properties  required  by  specification 
and  therefore  further  QAA  testing  was  not  required. 


286 


(5)  Prediction  of  Casting  Capability 

Castings  4  and  5  satisfactorily  met  the  minimum  QAA  requirements 
proposed  for  casting  acceptance  and  therefore  more  predicted  to  be  capable  of 
meeting  minimum  tensile  properties  of  60  ksi  UTS,  50  ksi  YS  and  3%  elongation. 
Casting  6  was  predicted  to  not  be  capable  of  meeting  these  properties. 

(6)  Casting  Tensile  Property  Determination 

The  tensile  coupons  excised  from  the  castings  exhibited  the  fol¬ 
lowing  tensile  properties: 


Casting  No. 

Test 

Sites 

Ultimate 
Tensil  e 
Strength 
(Ksi ) 

Yield 

Strength 

(Ksi) 

El  ongation 
(%) 

4 

1 

61.4 

54.8 

10.8 

2 

64.3 

56.7 

9.8 

3 

66.7 

61.2 

4.3 

4 

65.7 

60.6 

4.7 

Casting  No. 

Test 

Sites 

Ultimate 

Tensile 

Strength 

(Ksi) 

Yield 

Strength 

(Ksi) 

El ongation 
(*> 

5 

1 

63.1 

59.1 

3.9 

2 

62.1 

58.7 

3.4 

3 

61.9 

56.5 

5.6 

6 

1 

58.2 

47.1 

5.4 

2 

56.3 

46.2 

8.7 

Mi nimum 
Specification 

60.0 

50.0 

3% 

(7)  Conclusions 

(a)  These  test  results  demonstrated  that  when  the  casting  met  the 
QAA  criteria,  the  casting  was  capable  of  meeting  the  minimum  specification 
tensile  property  requirements. 
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SECTION  XI 
COST  ANALYSIS 


Casting  is  the  simplest  and  most  direct  method  of  producing  a  complex 
shape.  Molten  metal  is  transformed  directly  into  the  desired  shape  without 
requiring  additional  forming  operations  which  means  that  castings  are  an  eco¬ 
nomical  method  of  production.  However,  when  simple  configurations  are 
required  for  the  final  form,  other  production  methods  such  as  rolling,  extrud¬ 
ing,  drawing,  forging,  or  forming  may  be  more  economical.  Conversely,  the 
more  complex  the  configuration,  the  higher  the  probability  that  a  casting  will 
be  more  economical.  A  study  of  several  configurations  was  made  to  demonstrate 
the  effect  of  part  complexity  on  the  cost  benefit  derived  from  casting  method¬ 
ology. 

1.  SIMPLE  DESIGN  -  LEADING  EDGE  EXTENSION  (LEX) 

The  leading  edge  extension  (LEX)  is  a  primary  structural  member  of  the 
wing  leading  edge  assembly  structures  (Figure  126),  The  upper  skin  and  sup¬ 
port  structure  are  of  7075-T7351  three-inch  aluminum  alloy  plate  stock.  The 
lower  skin  is  attached  by  means  of  standard  rivets  and  fasteners. 

a.  Alternate  Designs 

Three  casting  design  alternatives  appear  feasible  for  the  LEX.  De¬ 
sign  No.  1  (Figure  127)  uses  an  open  framework  casting  with  separately  h- 
ed  sheet  metal  upper  and  lower  skins.  This  design  ensures  a  producible-low- 
cost  casting,  but  it  requires  the  manufacture  and  Installation  of  upper  and 
lower  skins.  Design  No.  2  (Figure  128)  is  a  modification  of  Design  No  1.  In 
Design  No.  2,  the  body  frame  and  upper  skin  are  cast  together.  The  separately 
produced  lower  skin  is  later  blind-bolted  to  the  cast  structure.  Neither  of 
these  designs  reflect  a  cost  improvement  over  the  hogged-out  design. 

Design  No.  3,  the  most  feasible  of  the  three  casting  concepts,  which 
is  well  within  today's  technological  state-of-the-art,  is  a  single  piece 
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FIGURE  , 126.  DES,GN 


casting  (Figure  129).  This  design  ostensibly  circumvents  most  of  the  machin¬ 
ing  that  is  required  on  the  existing  hogged-out  design,  presumably  with  a  re¬ 
sulting  reduction  in  costs.  However  the  much  higher  cost  of  the  single  piece 
casting  causes  the  total  cost  to  be  higher  than  the  actual  cost  for  the 
hogged-out  design. 

As  a  single  cast  component,  the  high  cost  of  the  LEX  casting,  plus 
the  advantage  of  multiple  spindle  machining  of  the  hog-out  gives  the  hog-out 
design  an  economic  edge. 

It  is  significant  to  note  that  simple  concepts,  such  as  the  LEX,  in¬ 
volving  the  casting  process  may  not  always  be  cost  competitive.  Each  design 
must  be  studied  for  both  technical  and  economic  advantages  before  the  design 
is  released  as  a  casting. 

b.  LEX  Estimated  Costs,  (1982  Dollars): 

Following  are  comparisons  of  costs  estimated  for  the  hog-out  design 

and  candidate  casting  designs: 

Non-recurring  Estimated  Costs: 

$148,000  Mechanical  Hog-out  and  Buildup  Design 

240,000  Cast  Frame,  Buildup  Using  Weldbonded  Skins 

351,000  Cast.  Frame  and  Upper  Skin  Separate  Lower 

Sk  i  n 

246,000  Single-Piece  Casting  Design 

Recurring  Estimated  Costs,  Hog-out  and  Buildup  Design: 

$  66,130  10  Shipsets 

287,500  50  Shipsets 

499,200  100  Shipsets 

1,844,500  500  Shipsets 


Recurring  Estimated  Costs,  Alternate  Design  No.  Is  Cast  Frame  and 
Separate  Skins: 


$  61,820 
255,150 
472,400 
2,019,500 


10  Shlpsets 
50  Shlpsets 
100  Shlpsets 
500  Shlpsets 


Recurring  Estimated  Costs,  Alternate  Design  No.  2:  Premium  Cast 
Frame  and  Upper  Skin: 


$  81 ,690 

310,500 
607,200 
2,909,000 


10  Shlpsets 
50  Shlpsets 
100  Shlpsets 
500  Shlpsets 


Recurring  Estimated  Costs  Alternate  Design  No.  3:  Single  Piece 
Castings 


$  72,540 

339,400 
661,300 
3,139,500 


10  Shlpsets 
50  Shlpsets 
100  Shlpsets 
500  Shlpsets 


c.  Conclusion 


Three  designs  employing  use  of  castings  were  evaluated  against  the 
conventional  hog-out  and  buildup  design.  The  evaluation  indicated  that  none 
of  these  designs  could  compete  economically  with  the  hog-out  version. 


El 

‘  i 
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2.  SEMI-COMPLEX  DESIGN  -  CANOPY  MECHANISM  SUPPORT 


The  canopy  mechanism  support  is  an  assembly  produced  from  a  number  of  ma¬ 
chined  and  otherwise  fabricated  detail  parts  (Figures  130  and  131).  Parts  are 
prefitted  together  and  then  welded  to  one  another  to  produce  the  assembly. 
Extensive  machining  Is  required  after  welding. 


S 


a.  Alternate  Casting  Design 

In  the  cast  version  (Figure  132),  all  of  the  noted  detail  components 
shown  In  Figure  130  are  Integrated  Into  a  single  casting.  The  casting  Is 
finish-machined  to  final  configuration  requirements  In  the  attachment  areas. 


Estimated  costs  for  the  build-up  design  and  casting  design  are 
compared  below: 

b.  Estimated  costs  (1982  Dollars) 

Non-recurring  Estimated  Costs: 

$  235,000  Buildup  and  Welded  Design 

191,000  A357-T6  Casting  Design 

Recurring  Estimated  Costs,  Buildup  and  Welded  Design: 

$  86,000  10  Shipsets 

291,000  50  Shipsets 

491,000  100  Shipsets 

1,686,000  500  Shipsets 


K 


Recurring  Estimated  Costs,  Casting  Design: 


$  44,000 

195,000 
370,000 
1,426,000 


10  Shipsets 
50  Shipsets 
100  Shipsets 
500  Shipsets 


P  nt  -A 
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FIGURE  130.  SUPPORT  CANOPY  MECHANISM  ASSEMBLY,  DETAIL  BUILDUP  DESIGN 


C.  Estimated  Savings 


The  evaluation  demonstrated  that  the  casting  design  offers  a  signifi¬ 
cant  reduction  In  costs  as  follows: 

$235,000  -  $191,000  -  $44,000  Non-recurring  Savings, 

$1,686,000  -  $1,426,000  ■  $260,000  Recurring  Savings  (500 
Shlpsets) 

$260,000  divided  by  500  Shlpsets  *  $520.00  Savings  Per 
Shlpset 


3.  COMPLEX  DESIGN  -  PYLON,  FUSELAGE  CENTER  LINE,  30mm  GUN 


The  current  30mm  gun  pylon  Is  designed  to  be  machined  from  a  7075  aluminum 
alloy  hand  forging  as  shown  In  Figure  133,  The  size  of  this  forging  Is  ap¬ 
proximately  11  by  12  by  110  Inches  and  weight  Is  approximately  1450  pounds. 
Forgings  are  rough  machined  down  to  a  predetermined  cross  sectional  thickness, 
then  heat  treated  prior  to  finish-machining.  Full  hog-out  machfning  of  hand 
forgings  of  this  size  into  a  complex  pylon  structure  Is  extremely  difficult, 
time  consuming,  and  costly. 

a.  Alternate  Casting  Design 

Adoption  of  the  three-piece  A357  and  A201  aluminum  alloy  sand  casting 
design  (Figure  134)  would  result  in  an  estimated  cost  avoidance  of  $4  million 
over  a  500-ship  program, 

b.  Estimated  Costs,  (1982  Dollars): 

Hog-out  and  casting  design  estimated  costs  are  compared  below: 

Non-recurring  Estimated  Costs: 

$  695,000  Hog-out  Design  (Single-Piece  Hand  Forging) 

923,000  A357-T6  and  A201  Casting  Design  Three  Cast¬ 

ings  Plus  Assembly) 


Recurring  Estimated  Costs,  Existing  Hog-out  Design: 


$  181,340 
774,950 
1,503,400 
7,517,000 


10  Shipsets 
50  Shipsets 
100  Shipsets 
500  Shipsets 


Recurring  Estimated  Costs,  Proposed  Three-Piece  Casting  Design: 

$  121,200  10  Shlpsets 

455,000  50  Shlpsets 

797,000  100  Shlpsets 

2,910,000  500  Shlpsets 


c.  Estimated  Savings 

Computations  of  the  estimated  savings  of  the  proposed  casting  design 
are  presented  below: 

$7,517,000  -  $2,910,000  =  $4,607,000  Delta  Recurring  Cost 
Savings. 

$4,607,000  divided  by  500  Shlpsets  =  $9,214  Average  Shipset 
Savings 


$228,000  Implementation  Cost,  Casting  Program  divided  by 
$9,214  =*  25  Shipsets  (Breakeven  or  Return  on  Investment 


4.  COMPLEX  DESIGN  (VERTICAL  STABILIZER) 


The  current  vertical  assembly  structure  shown  in  Figure  135  is  a  63-p1e--e 
aircraft  structure  that  requires  many  assembly  operation  steps  and  has  compat¬ 
ibility  problems  associated  with  integrating  a  large  aluminum  substructure  to 
advanced  graphite  composite  structural  skins.  Compatibility  problems  occur 
due  to  fasteners  and  differences  in  thermal  coefficients  of  expansion. 

a.  Alternate  Casting  Design 


The  alternate  casting  design  shown  in  Figure  136  is  a  much  less  com¬ 
plex  assembly.  It  is  composed  primarily  of  a  single  sand  casting,  with  weld- 
bonded  sheet  metal  aluminum  skins.  The  weld-bonding  of  the  sheet  metal  skins 
to  the  main  casting  creates  an  integral,  sealed  fuel  vent  cavity  and  elimi¬ 
nates  the  separate  fuel  vent  stand  pipe.  The  weld-bond  technique  used  on  the 
cast  vertical  assembly  structure  also  avoids  problems  associated  with  main¬ 
taining  consistent  quality  on  the  drilling  of  many  precision  holes  and  the 
installation  of  a  large  number  of  fasteners. 


It  is  estimated  that  changeover  from  the  current  buildup  design 
to  the  casting  design  would  result  in  an  approximate  29-pound  weight  savings 
per  aircraft.  Most  importantly,  these  savings  would  be  realized  in  the  aft 
section  of  the  aircraft. 

From  a  financial  standpoint,  the  advantages  of  a  casting  design 
appear  to  be  significant.  Implementation  costs  for  the  casting  design  are 
estimated  to  be  $2.5  million.  Crossover  point  before  pay  back  of  implementa¬ 
tion  costs  ($2.5  million)  is  estimated  to  be  at  approximately  the  113th  unit. 
It  is  estimated  that  a  net  cost  avoidance  of  approximately  $8.6  million  could 
be  realized  on  a  program  of  500  shipsets  using  the  proposed  casting  design. 

The  preceding  statements  relate  to  the  buildup  conventional 
substructure  design  already  released.  If  the  original  design  had  been  the 
casting  concept,  as  described  in  this  report,  it  is  estimated  that  an  addi¬ 
tional  $3.5  million  in  non-recurring  costs  could  have  been  realized. 
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b.  Estimated  Costs  (1982  Dollars): 

Buildup  and  casting  design  estimated  costs  are  compared  below: 
Non-recurring  Estimated  Costs: 

$6,000,000  Conventional  Buildup  Design 

2,500,000  Alternate  Casting  Design 


Recurring  Estimated  Costs,  Existing  Buildup  Design: 
$  674,000  10  Shlpsets 

2,765,000  50  Shlpsets 

4,660,000  100  Shlpsets 

15,470,000  500  Shipsets 


Recurring  Estimated  Costs,  Proposed  Casting  Design: 


$  188,000 
771,500 
1,298,500 
4,315,000 


10  Shlpsets 
50  Shlpsets 
100  Shlpsets 
500  Shlpsets 


c.  Standard  Savings 

Summations  of  the  estimated  savings  of  the  proposed  casting 
design  are  presented  below: 

$15,470,000  -  $4,315,000  =  $11,155,000  Delta  Difference 
(Recurring  Cost  Savings  500  Shlpsets) 

$11,155,000  divided  by  500  Shlpsets  -  $22,310  Average 
Shipset  Savings 

$11,155,000  Recurring  Savings  (500  SS)  -  $2,500,000  Implemen¬ 
tation  Costs  s  $8,655,000  Net  Savings 


$2,500,000  Implementation  Cost,  Casting  Program  divided  by 
$22,310  113  Shlpsets  (Crossover  Point) 


SECTION  XII 

CONCLUSIONS  AND  RECOMMENDATIONS 


1.  CONCLUSIONS 

The  objectives  of  this  program  were  accomplished  by  the  development  of  the 
fol lowing: 

1.  Design  property  information  was  developed  and  approved  by  the  MIL- 
HDRK-5  Committee. 

2.  Specifications  and  quality  assurance  acceptance  criteria  were  develop¬ 
ed  which  will  eliminate  the  need  for  casting  factors  in  the  design  of 
structural  aircraft  quality  aluminum  castings. 

3.  The  cost  effectiveness  of  aluminum  castings  was  demonstrated  using 
simple,  semi-complex  and  complex  configurations. 

In  addition,  specific  conclusions  regarding  the  following  were  possible 

1.  The  foundry  manufacturing  process  variables  which  must  be  controlled 
to  produce  castings  of  consistent  mechanical  properties  are  (1)  melt 
composition,  gas  content,  grain  refinement,  and  metal  temperature,  (2) 
mold  materials  and  their  placement,  gating  and  risering  system,  and 
(3)  heat  treatment  temperature  and  times,  load  density  and  quenching 
procedures . 

2.  The  metallurgical  qualities  of  the  casting  which  control  the  mechani¬ 
cal  property  capability  and  are  affected  by  the  foundry  process  are 
(1)  radiographic  quality,  (2)  microstructure  refinement  (DAS  -  A356 
and  A357  or  Grain  Size  -  A2D1 )  and  (3)  heat  treat  response  capability. 
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).  By  controlling  the  manufacturing  process  variables  and  thereby 
establishing  the  necessary  casting  quality,  tensile  properties  of  50 
ksi  UTS,  40  ksi  YS,  and  3  percent  elongation  in  A357-T6  and  60  ksi 
UTS,  50  ksi  YS,  and  3  percent  elongation  in  A201-T7  can  be  consistent¬ 
ly  produced. 

1.  The  application  of  proposed  Quality  Assurance  acceptance  test  crite¬ 
ria  will  successfully  identify  configurations  of  each  alloy  which 
meet  minimum  tensile  property  requriements. 

5.  The  notched  fatigue  endurance  limit  of  A357-T6  and  A201-T7  structural 
aircraft  quality  cast  material  was  comparable  to  7075-T73  wrought 
products. 

5.  The  fracture  toughness  of  A357-T6  structural  aircraft  quality  cast 
material  was  comparable  to  7075*T751  3"  plate,  however,  the  average 
fracture  toughness  value  of  A201-77  was  slightly  higher. 

7.  The  resistance  to  fatigue  crack  propagation  of  A357-T6  and  A201-T7 
structural  aircraft  quality  cast  material  is  slightly  inferior  to 
wrought  aluminum  2124-T851  at  higher  <4  k  values  but  is  comparable 
at  1  ower4  k  val  ues . 

8.  Notched  fatigue  and  tensile  strength  properties  of  A357-T6  and  A201-T7 
cast  material  are  more  severely  affected  by  poor  radiographic  quality 
than  fracture  toughness. 

9.  The  use  of  weld  metal  to  restore  the  quality  of  A357-T6  and  A201-T7 
castings  was  successfully  demonstrated.  The  tensile  and  fracture 
toughness  properties  of  the  welded  material  were  equal  to  or  better 
than  those  of  the  parent  metal.  The  notched  fatigue  results  were 
inconel usi ve. 

0.  Castings  are  most  likely  to  be  cost-effective  in  semi-complex  or  com¬ 
plex  configurations. 


RECOMMENDATIONS 


The  following  is  recommended: 

1.  Additional  damage  tolerance  information  is  needed  for  aircraft  struc- 
tural  design  considerations. 

2.  Additional  tensile  data  from  A201-T7  castings  procured  to  the  pro¬ 
posed  AMS  specification  are  needed  to  establish  A  and  B  design  allow¬ 
ables  for  MIL-HDBK-5. 

3.  NDI  procedures  need  to  be  improved  to  evaluate  radiographic  quality  of 
castings  with  all  thicknesses  exceeding  1/2  inch. 


OBJECTIVE:  To  establish  current  level  of  technology. 

SPECIAL  AREAS  OF  INTEREST: 

•  Tensile  property  capability  of  alloy /process 

•  Foundry  equipment,  tests,  and  documentation  required  for  process 
control 

•  Recommended  QA  testing  to  assure  user  confidence 

•  Recommended  user  survey  and  first  article  procedures 

•  Problem  areas  related  to  user  procurement  practice 

•  Recommended  process  variables  which  need  more  evaluation  to  improve 
tensile  property  reliability 

•  Design  producibility  limitations  of  alloy  and  process 

•  Specification  changes  recommended  for  MIL-A-21180 


FOUNDRIES  SURVEYED 


FOUNDRIES  SURVEYED 


NAME /LOCATION 


SAND  COMPOSITE  PROCESS 

V4W  Castings 
Bell  Gardens,  CA 

Hollywood  Alloy 
Compton,  CA 

Magnesium  Alloy  Products 
Compton,  CA 

Alcoa 

Corona,  CA 

Wellman  Dynamics 
Creston,  I A 

Hitchcock  Industries 
Minneapolis,  MN 

Anacast 

Fort  Worth,  TX 

Teledyne  Casting 
Pomona,  CA 

Wallace  R.  Turner  Corp. 
Cudahy,  CA 

Ross  Aluminum 
Sidney,  OH 

Morris  Bean 
Yellow  Springs,  OH 


Alloys  Poured  to  MIL-A-21180  Requirements 


A356  A357  A201  A206  C35S 


X  ,  X 


GENERAL  INFORMATION 


HOURLY  EMPLOYEES 


INVESTMENT 

SAND  COMPOSITE  L 

NUMBER 

FOUNDRIES 

FOUNDRIES 

Under  100 

2 

2 

100  -  199 

2 

2  ; 

200  -  299 

2 

1  t 

300  -  399 

1 

2 

400  -  499 

- 

3  1 

500  -  599 

- 

i  i: 

> 

RATIO  OF 

HOURLY  VS  QC  VS  DEGREED  EMPLOYEES: 

1 

• 

NUMBER 

Q.C.  -  DEGREED 

Q.C.  -  DEGREED  * 

Under  100 

7-1 

4.5  -  1.5  '  ? 

100  -  199 

16.6  -  1.3 

16.5  -  2.5 

200  -  299 

33-9 

50-5 

j 

300  -  399 

30-0 

21.5  -  0.5  f 

400  -  499 

40.3  -  5.7  I 

i 

500  -  599 

60-6 

PERCENTAGE  OF  MIL-A-21180  CASTINGS: 

i 

l 

INVESTMENT 

SAND  COMPOSITE 

NUMBER 

FOUNDRIES 

FOUNDRIES 

Under  100 

70 

70 

100  -  199 

18 

25 

200  -  299 

52.5 

90 

300  -  399 

32.5 

400  -  499 

- 

37 

500  -  599 

- 
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TESTING 

EQUIPMENT 


PURPOSE 


USED  BY 
S/C  INVEST 


b 


Spectrograph 

Gas  Detector 

Pyrometer 

X-ray 

Penetrant 

Tensile 

Hardness 

Conductivity 

Ultrasonic 

Metailographic 

Photographic 


Melt  Chemistry 

Melt  Gas  Content 

Melt  Temperature 

As-Cast  Quality 

As-Cast  Quality 

H.T.  Properties 

H.T.  Properties 

Heat  Treatment 

Soundness 

Resolve  Problems 
(grain  size,  DAS,  etc.) 

Document  Molding 


PROCESSES  DOCUMENTED  FOR  CONTROL 


Melting 

Chemistry 

Molding  Materials  &  Assembly 

Rigging 

Chilling 

Pouring  Temperature 
Solution  Treatment  (T&T) 
Quenchant  (Type  &  Tempt) 
Aging  Treatment  (T&T) 

Weld  Repair 


INVEST 


P/N  G 

1  5 

3  4 

6  0 

6  0 

5  0 

6  0 

3  5 

3  5 

4  5 

5  3 


NOTES :  S/C 
P/N 
G 

T&T 


Sand  Composite 
Part  Number 
General 

Temperature  &  Time 


11  6 

10  4 

11  6 

11  6 

11  6 

9  5 

10  6 

2  2 

0  0 

9  2 

11  6 


S/C 


P/N  G 

5  11 

8  7 

10  1 

lu  1 

11  0 

11  1 

9  4 

9  2 

10  3 

7  6 


FINAL  INSPECTION  AND  TESTING  (RECOMMENDED) 

PROCESS 

TEST  SAND  COMPOSITE _ IN 

Each  Each  Melt  Reduced  Each  E 
~  *•  H.T.  Lot  Sam 


Castin 


Cast! 


INVESTMENT 
Each  Melt  Reduced 
H.T.  Lot  Sampling  Other 


Chemistry 

9 

1  4 

X-ray 

11 

5 

Penetran. 

11 

6 

DAS 

3 

2<a) 

ICTB  or 

6 

3 

2(t>)  4  2^ 

Prolongation 

SCTB 

4 

Excise  T/B 

2(c) 

4 

5  1<C> 

Hardness 

6 

3 

1  6 

Conductivity 

l<e) 

3(e) 

NOTES: (ft) 

MRB  only 

SCTB  -  Separately  Cast  Test  Bar 

(b) 

Each  HT  Lot 

ICTB  -  Integrally  Cast  Test  Bar 

(?) 

By  count 

DAS  -  Dendrite  Arm  Spacing 

(1) 

F. A.  only 

(e) 

201  only 

FIRST  ARTICLE  FOUNDRY  CONTROL  APPROVAL  PROCEDURE 

Necessan 


Should  be  Performed 

l2Z: 


Invest 

6 

0 


Foundry  and  User  3  3 

Independently 

Comoined  3  4 

Approved  Lab 

NOTES  i  D  —  Dimensional 
Q  -  Quality  * 


Requirements  Should  be  More  Stringent  for  F/A 


ARE  USER  SURVEYS  OF  FOUNDRIES  DONE  ADEQUATELY  TO  IDENTIFY  THOSE 
FOUNDRIES  CAPABLE  OF  MAKING  MIL- A- 21180  CASTINGS? 

Inv.  S/C 

Yes  3  4 

No  2  6 


WHAT  IDENTIFIES  A  FOUNDRY  THAT  IS  CAPABLE  OF  PRODUCING  MIL-A2U80 
CASTINGS?  '  ~  - - - 

A.  Technical  Capability  -  as  measured  by: 

Investment  Foundries 

-  Performance  record 

-  Test  results  of  production  castings 

-  Experience  between  user  and  foundry 

-  Quality  of  customers 

-  Traceability  of  records 

-  Check  results  with  customers 

-  Ratio  of  QC  personnel  to  production 

-  Ratio  of  degreed  personnel  to  production 

-  Spot  audits  by  user 

-  Compliance  to  QC  manual 

Sand  Composite  Foundries 

-  Observe  foundry  control  tests  and  equipment 

-  Active  technical  staff 

-  In-house  testing  equipment 

-  Control  documentation 

-  Ratio  of  degreed  engineers 

-  Teat  results 

-  Intuition 

-  Housekeeping 

-  Attention  to  details 

-  Pride  of  workmanship 

-  Experience 

-  Reputation 


Sand  Composite  Foundries  (Continued) 

-  Knowledge  of  DAS 

-  Customer  list 

-  Traceability  of  records 

B .  Management  Interest  - 
Investment  Foundries 

-  Personal  judgement 

-  Performance  records 

-  QC  and  engineering  personnel 

-  RFQ  exceptions 

-  Good  housekeeping 

-  Price  quoted 

-  Solicitation  of  bids 

-  Foundry  records 

-  Customer  records 

Sand  Composite  Foundries 

-  Shows  interest  in  RFQ 
'  Past  experience 

-  Present  product  mix 

-  Record  of  performance 

-  Customer  list 


PROCUREMENT  PROCEDURES  YeS  No 

S/C  Inv.  S/C  Inv. 


a. 

Does  transferred  equipment  produce  acceptable 
parts? 

3 

4 

i 

7 

2 

b. 

■  Does  delivery  pressure  reduce  the  quality 
development  effort? 

4 

2 

6 

4 

c. 

Are  customers  approved  sources  capable? 

8 

4 

1 

1 

d. 

Does  annual  re-bid  requirement  reduce 

interest? 

- 

1 

10 

5 
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PROCUREMENT  PROCEDURES  (Continued) 

e.  Do  ambiguous  requirement  call-outs  necessitate 
price-padding  or  gambling? 

f.  Is  customer  slow  to  provide  clarification? 

g.  Usually  a  slow  feedback  from  customer? 

h.  Do  customer  representatives  understand 
foundry  work? 

i.  Are  specifications  more  complicated  than 
necessary? 

j.  Too  many  specifications 
Too  few  specifications 
Number  O.K. 

k.  Do  RFQ  and  P.O.  contain  all  the  necessary 
information? 

l.  Is  a  casting  drawing  supplied? 

ra.  Is  a  machined  part  drawing  supplied? 

n.  Is  a  machined  part  drawing  wanted? 


Yes  No 

S/C  Inv^  S/C  Inv^ 
5  1  5  5 
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PROCESS  VARIABLES  REQUIRING  MORE  EVALUATION 
A.  Investment  Foundries 
e  None 

•  Microshrinkage  effect  on  tensile  properties 

•  Strontium  modification  procedure 

•  (Better  user  analysis  of  requirements  to  prevent  over-design) 


I-.1 


B.  Sand-Conapoaite  Foundries 

•  Silicon  modification  procedure  using'  sodium  and  strontium 

•  Effect  of  phosphorous  on  silicon  modification 

•  Properties  vs  grain  size  and  DAS 

•  Thermal  gradient  vs  gas  content  vs  tensile  properties 

•  Tensile  properties  vs  thickness 
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Add  to  Specification 
Investment  Foundries 


No.  of 
Replies 

1 

1 

1 

1 

1 

1 

1 

1 


Item 


Better  radiographic  standards 
Sampling  plans 

Correlation  of  tensile  properties  with  X-ray  requirement 

Requirement  to  show  high  stress  areas  on  drawing 

Minimum  change  in  thickness  which  requires  additional  test 

Test  bar  size  applicable  to  investment  process  (minimum 
thickness) 

Test  requirement  for  prolongations 

Requirement  for  yield  strength  range  of  2  ksi  for  all 
areas  of  the  casting 


Sand  Composite  Foundries 


No.  of 

Replies  Item 

4  Requirement  for  integral  attached  coupons 

3  Sampling  frequency  for  destructive  testing  small  lots 
1  Property  levels  by  process 

1  Round  gas  porosity  radiographic  quality  should  be  allowed 
one  plate  higher  in  A357 

1  Greater  taper  allowance  in  tensile  specimens 

1  Retest  provisions  which  allow  witnessing  by  foundry 

1  Sampling  plans  now  in  MIL-C-6021 

1  Thin  tensile  specimen  dimensions  which  allow  more  width 
1  Tensile  specimen  locations 

1  Provisions  for  lower  tensile  properties  in  riser  areas 

1  Range  of  A356  magnesium  content  should  be  0.25-0.45% 

2  Provisions  for  weld  repair 

3  Correlation  of  property  level  to  radiographic  quality 


DESIGN  PRODUCIBILITY  LIMITS 


Investment  Process  (all  alloys) 

Minimum  Thickness  Maximum  Thickness 


(inch) 

(inch) 

0.060  (3) 

0.375  (2) 

0.070  (1) 

0.250  (1) 

0.080  (7.) 

0.750  (1) 

1.500  (1) 

2.000  (1) 

(  )  Number  of  foundries  responding 
Sand  Composite  Process 

Alloy  Minimum  Thickness  Maximum  Thickness 


(inch) 

- OneR) 

a356 

0. 06.(1) 

0.75  (2) 

0.10  (3) 

1.00  (1) 

A357 

0.12  (1) 

2.50  (1) 

0.12  (1) 

3.00  (3) 

0.18  (1) 

0.25  (1) 

5.00  (2) 

A201 

0.14  (3) 

3.00  (3) 

0.15  (1) 

5.00  (1) 

(  )  Number  of  foundries  responding 


APPENDIX  B 


CASTING  USER  SURVEY  (SUMMARY) 
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USER  SURVEY  PURPOSE:  to  determine  the  utilization  base  of  aluminum  castings 

procured  to  MIL-A-21180  type  specification  require¬ 
ments  for  military  airframe  applications. 


a 


r  * 


(H 
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USER  SURVEY  SUMMARY  OUTLINE 


I.  COMPANIES  SURVEYED  AND  TYPES  OP  PERSONNEL  INTERVIEWED 

II.  RELATIONSHIP  OF  MINIMUM  TENSILE  PROPERTY  REQUIREMENTS  AND 
CASTING  ALLOY  AfoD  FOUNDRY  PROCESS 

III.  DESIGN  /STRESS  CONSIDERATIONS 

IV.  DESIGN  PRODUCIBILITY  PROCEDURES 

V.  QUALITY  ASSURANCE  REQUIREMENTS 

VI.  FOUNDRY  QUALIFICATION 

VII.  PROCUREMENT  SPECIFICATION  REQUIREMENTS 

I.  Companies  surveyed  and  types  of  personnel  interviewed 
A .  Military  airframe  manufacturers  surveyed  were; 

1.  Boeing  Military  Airplane  Co. 

Wichita,  KS 

2.  Fairchild  Republic  Corp. 

Farmingdale,  NY 

3.  General  Dynamics 
Fort  Worth,  TX 

4.  Grumman  Aerospace  Corp. 

Bethpage,  NY 

5.  Lockheed-Georgia 
Marietta,  GA 

6.  Lockheed-California  Co. 

Burbank,  CA 

7.  LTV  Aerospace  Corp. 

Dallas,  TX 

8.  McDonnell  Douglas 
St.  Louis,  MO 

9.  McDonnell  Douglas 
Long  Beach,  CA 
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10.  Northrop  Corp. 

Hawthorne.  CA 

Other  companies  surveyed  because  of  their  high  usage  of  MIL- A- 21180 
castings  were: 

1.  The  Boeing  Company 
Seattle ,  WA 

•  ALCM  Program 

•  Cast  Program 

2.  Bell  Helicopter 
Fort  Worth,  TX 

3.  Hughes  Helicopter 
Culver  City,  CA 

B.  Personnel  interviewed  represented  the  following  departments: 

Materials  and  Process 
Structural  Analysis 
Design 

Quality  Control 

Producibility 

Procurement 


C.  Survey  Time  Period 

Survey  was  conducted  within  a  time  frame  of  ApriWuly  1980. 

NO.  OF  AFFIRMATIVE 


III.  DESIGN /STRESS  CONSIDERATIONS  RESPONSES 

A.  Casting  Property  Minimums  Are  Specified  13 

B.  Castings  Are: 

1.  Critical  to  Flight  Safety  or  Release  of  Stores  9 

or  Abortion  of  Mission 

2.  Have  Redundant  Load  Paths  S 

3.  Classified  in  Accordance  with  MIL-C-6021  13 


X-Ray  Grades  Designated  9 

Property  Level  Designated  8 

C.  Component  Structural  Test  Is  Used  to  Qualify  Each  Design 

Class  1  Only  5 

Classes  1,  2,  and  3  4 

D.  Casting  Factor  is  Used  in  the  Stress  Analysis  9 

E.  What  Casting  Factor  Is  Used  in  the  Stress  Analysis? 

1.00  3  1.25  2  1.33  7 

1.50  3  2..00  1  3.00  1 


F.  Where  Does  the  Requirement  for  a  Casting  Factor  Originate? 


MIL-  008S60A  6 

AFSC  DH  1-2  4 

Company  Policy  4 

In  Lieu  of  Structural  Test  1 

G.  What  Is  Required  to  Eliminate  Use  of  Casting  Factor? 

1.  Delete  requirement  in  MIL-008860A  and  AFSC  DH  1-2  3 

2.  Develop  QA  procedure  for  higher  reliability  6 

3.  Develop  statistical  basis  for  allowables  1 

4.  Develop  more  test  data  to  show  consistency  3 

5.  Explain  evolution  of  process  which  provides  higher  1 

and  more  reliable  properties 


H.  Additional  Information  Needed  for  Primary  Structure /Usage 

1.  Publish  flight  test  history  1 

2.  Increase  minimum  property  level  to  equal  wrought  alloys  2 

3.  Develop  damage  tolerance  and  fracture  toughness  8 

information 


IV.  DESIGN  PRODUCIBILITY  PROCEDURES 

A.  Is  ProducibUity  Criteria  Defined  in  Company  Design  Manual? 


1.  General  (all  quality)  12 

2.  Specific  (premium  quality)  0 

B .  Who  Review  Drawing  to  Determine  Producibility? 

1.  User  Team  4 

2.  Foundry  (red-line)  only  3 

3.  Producibility  Engineer  only  4 

4.  MaP  Engineer  only  3 

C.  Do  Drawings  Specify  Method  of  Production? 

(Investment  —  Sand  —  P/M) 

Yes  9 

No  3 


V.  QUALITY  ASSURANCE  REQUIREMENTS 

A.  How  Are  Production  Castings  Selected  for  Destruet  Testing? 


1.  At  Random  5 

2.  Least  Acceptable  X-Ray  3 

3.  Not  Required  4 

B.  What  Frequency  of  Destruet  Testing  is  Used? 

1.  MIL  STL-105  (Each  Melt/H.T.  Lot)  2 

2.  By  Count  5 

3.  Preproduction  Only  4 

4.  Each  Heat  Treat  Lot  1 

C.  Specify  Location  Excised  Test  Bars  Are  to  be  Taken  7 


D.  Tensile  Specimens  Are  Retested  if  Failure  Occurs  Through  11 
a  Flaw  That  is  Radiographically  Acceptable? 

E.  Tensile  Tests  Procedures  Are  in  Accordance  with  ASTM  E8?  11 

F.  Restrict  the  Use  of  Process  Welding  11 

G.  Identification  Required  for  Traceability: 
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On  the  Casting 


Vibro  Etched  or  Ink  Stamped 

Cast -on 

Serial  No. 

3 

1 

Melt  No. 

4 

H.T.  Lot 

5 

X-Ray  No. 

8 

H.  Tests  Used  That  Are  Not  Required  by  MIL- A- 21180: 


♦Note:  Review  only 

L,  Record  Is  Maintained  of  Foundry  Performance 


12 
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1. 

Integral  Test  Bar 

9 

2. 

DAS 

1 

jw«l 

L  * 

3. 

Hardness  100% 

1 

\m’j 

4. 

Special  Technique  for  Measuring  %  Elongation 

1 

•.  -\ 

1 .  i 

5. 

Separately  Cast  T/B 

4 

r. 

6. 

Integrally  Gated  Test  Bar 

1 

r 

Who  Pays  the  Testing  Facility? 

User 

Foundry 

1. 

NDT 

5 

7 

jv 

2. 

Tensile 

5 

9 

LL 

Who  Tests  First  Article? 

NIPT 

Tensile 

DIMS 

h , 

r*, 

j*", 

1. 

Foundry  (at  approved  lab) 

9 

5 

10 

i  * , 

» ■ 

2. 

User 

4 

6 

6 

L*% 

t- 

3. 

Combined 

3 

2 

7 

4. 

Independently 

3 

4 

3 

■  * 

,  w 

Who  Does  Production  Testing?  Approved  Source 

User 

Both 

1  u 

a 

Chemistry 

$ 

1. 

11 

1 

1 

m- 

2. 

Penetrant 

9 

2 

1 

, 

3. 

X-Ray 

12 

0 

5* 

4. 

Hardness 

3 

7 

2 

'!< 

5. 

Tensile  -  INT  T/B 

5 

1 

1 

f 

-  SEP  T/B 

3 

- 

- 

?! 

.w 

-  EXC  T/B 

5 

4 

- 

> 

6. 

Dimensional 

6 

2 

4 

** 

*  .**  /-V*  '/-V*  w vVi  ***  V-  I1-* \\  ***  V’*  m** 


,y^vy.v^\ 

1  ’^u  '  rU^\k\l'^t- 
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VI .  FOUNDRY  QUALIFICATION  PROCEDURE  RESPONSES 

A.  A  Qualified  Source  List  Is  Used  5 

B.  MIL- A- 21180  Sources  Are  Identified  1 

C.  Who  Determines  Qualified  Source  for  MIL-A- 21100  Castings? 

1.  Team  Survey  Only  1 

2.  QC  Only  11 

3.  Purchasing  Only  1 

4.  Engineering  Only  0 

D.  What  Determines  Source  Capability? 

1.  Special  Equipment  7 

2.  Technical  Personnel  7 

3.  Performance  History  10 

4.  QC  Documentation  7 

5.  Management  Interest  3 

E.  When  Is  Source  Requalification  Necessary? 

Change  of: 

1.  Technical  Personnel  4 

2.  Management  4 

3.  Quality  Performance  5 


VH.  SPECIFICATION  REQUIREMENTS 

A.  MIL-A-21.180  or  a  Similar  Company  Specification  Used  for  13 

Casting  Procurement? 

B.  What  Modifications  Are  Needed  to  MIL-A-21180? 


1.  Add  provisions  for  a  qualified  source  list  2 

2.  Remove  MIL-STD-105  0 

3.  Eliminate  requirement  for  higher  X-Ray  grade  of  pre-  10 

production  part 

4.  Add  provision  for  allowing  process  welding  5 

5.  Add  requirement  for  cast -on  serial  number  2 
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6.  Change  "required"  H.T.  procedure  to  ’'recommended'’ 
H.T.  procedure 

7.  Increase  tensile  property  requirements  for  preproduction 
casting 

8.  Equate  testing  requirements  with  margin  cf  safety 

9.  Remove  "Options" 

10.  Add  requirement  for  integral  attached  coupon  or 
prolongation 

11.  Relate  minimum  properties  to  molding  process 

12.  Define  conditions  which  allow  retesting 

13.  Provide  for  testing  of  casting  too  small  to  excise 
tensile  specimen 

14.  Establish  QA  test  requirement  for  each  process  variable 

la.  Eliminate  5*  elongation  requirement 

16.  Remove  requirement  to  negotiate  properties  with  foundry 

17.  Relate  to  margin  of  safety 

18.  Reduce  testing  with  confidence 

19.  Remove  alloy  and  property  requirements  (use  drawing 
notes) 

20.  Improve  tensile  test  procedure  (defects  have  greater 
effect  on  smaller  specimens;  therefore,  property 
minimum  should  be  lower) 

21.  Relate  X-ray  quality  and  tensile  properties 

22.  Define  surface  quality 

23.  Establish  schedule  for  preproduction  qualification 

24.  Delete  ulioys  C355,  354,  A357 

25.  Delete  grade  "A"  X-ray  requirement 
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APPENDIX  C 


AN  EVALUATION  OF  RADIOGRAPHIC 
PROCESS  FOR  DETERMINING  GRADE  C 
QUALITY  MATERIAL 


AN  EVALUATION  OF  RADIOGRAPHIC  PROCESSES  FOR 
DETERMINING  GRADE  C  QUALITY  MATERIAL 


Background 

The  purpose  of  this  task  was  to  determine  the  transition  thickness  of  the 
casting  for  a  grade  "C"  defect.  The  transition  thickness  is  defined  as  that 
thickness  in  which  a  known  grade  of  defect  appears  to  be  acceptable  at  the 
next  higher  grade.  In  this  instance,  the  transition  thickness  occurs  when  the 
"C"  defect  appears  to  be  acceptable  as  grade  "B"  radiographic  quality.  Cast¬ 
ing  plates  0.12  Inch  and  0.14  inch  thick  with  grade  "C"  dross,  gas  porosity 
and  sponge  shrinkage  respectively  were  collected  from  several  foundries.  The 
thin  plate  with  the  defects  was  sandwiched  in  between  wrought  aluminum  plates 
of  various  thickness  and  x-rayed.  Various  x-ray  techniques  were  evaluated  to 
maximize  the  transition  thickness.  Three  independent  x-ray  laboratories  were 
consulted  to  read  the  films  so  that  the  variation  of  defect  level  due  to  human 
factors  could  be  minimized  or  eliminated. 

General  Procedure: 

I. 

a.  Place  flawed  material  (with  gas)  In  the  center  of  the  stack. 

b.  Sandwich  the  flawed  plate  with  0.050  inch  thick  6061  aluminum  plates 
(thickness  of  stack  0.220  inch)  and  x-ray. 

c.  Sandwich  the  flawed  plate  with  0.50  inch  thick,  6061  aluminum  plates 
(thickness  of  stack  0.320  inch)  and  x-ray. 

d.  Sandwich  b.  with  0.150  inch  (thickness  of  stack  0.520  inch)  and 
x-ray. 

e.  Sandwich  b.  with  0,050  inch,  6061  aluminum  plates  (thickness  of  stack 
0.620  inch)  and  x-ray. 

II.  Determine  when  the  radiographic  image  changes  from  grade  "C"  to  grade 
"B".  If  the  image  appears  to  be  grade  "B",  then  go  back  to  process  d, 
or  process  c. 

III.  Compare  the  above  x-ray  reading  with: 

a.  Flawed  plate  on  top  of  stack. 

b.  Flawed  plate  on  bottom  of  stack. 

IV.  Repeat  the  above  with  flawed  material  of  shrinkage  and  dross,  respec¬ 
tively. 


Radiographic  Techniques; 


Standard 

(A)  4 

(A)  + 

Process  (A) 

Beryllium 

Window 

Long  Exposure 
Time 

Exposure  Time  (Seconds) 

45 

60 

180 

Milllamperes 

7.5 

15 

3.5 

Kilovolts 

Focal  Film  Distance 

50-80 

50-100 

50-60 

(Inch) 

36 

45 

45 

Focal  Spot  Size  (inch) 

0.059 

0.098 

0.059 

Ug  (Unsharpness  Inch) 

0.0016 

0.0021 

0.0016 

Results : 


The  standard  "C"  quality  grade  defect  was  interpreted  as  a  "B"  quality 
grade  defect  when  the  stack  thickness  was  Increased.  The  results  were  as 
follows  for  each  radiographic  technique. 


Standard  Technique: 


Stack 

Thickness 


K.V.  Gas  Porosity 


Radiographic  Quality 
Sponge  Shrinkage  Oross.  Less  Dense 


Stack 

Thickness 

K.V. 

Gas  Porosity 

Radiographic  Quality 

Sponge  Shrinkage  Dross, 

Less  Dense 

(Inches) 

0.200 

50 

C 

C 

0.340 

55 

C 

C 

C 

0.440 

60 

C 

c 

C 

0.540 

75 

C 

c 

C 

0.640 

80 

C 

c 

B 

0.740 

85 

B 

c 

A 

0.830 

95 

B 

B 

A 

0.930 

100 

B 

B 

A 

Standard  Technique  Plus  Long  Exposure: 


Radiographic  Quality 


Stack 

Thickness 

(Inches) 

K.V. 

Gas  Porosity 

Sponge  Shrinkage 

Dross,  Less  Dense 

0.200 

50 

C 

C 

C 

0.340 

52 

C 

C 

C 

0.400 

54 

C 

C 

C 

0.540 

56 

C 

C 

C 

0.640 

58 

B 

C 

B 

0.640T* 

58 

B 

B 

8 

0.640B** 

58 

B 

B/C 

B 

0.700 

60 

B 

A 

A 

♦Defect  plate  on  top  of  stack. 
♦♦Defect  plate  at  bottom  of  stack 


SUMMARY  AND  CONCLUSIONS: 


1.  The  acceptable  thicknesses  range  for  the  three  types  of  defects  evaluated, 
varied  by  technique  In  the  following  manner: 


STD  Technique 


0.300  -  0.380  Inch 


STD  +  Beryllium  Window  0.540  -  0.740  Inch 
STD  +  Long  Exposure  0.540  -  0.540  Inch 

2.  The  maximum  thickness  of  material  for  which  all  types  of  Grade  C  defects 
could  be  detected  was  0.540  inches  thick. 

3.  The  special  processes  were  considered  to  be  equal  to  each  other  but  better 
than  the  standard  radiographic  process  In  their  capability  to  determine  grade 
"C"  quality  defects. 
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STATISTICAL  ANALYSES  OF  MECHANICS  PROPERTY  DATA  FROM 
NORTHROP  CORPORATION/AIR  FORCE  CASTING  RESEARCH  PROGRAM 


Introduction  and  Data  Description 

Mechanical  property  data  from  the  Northrop  Corporation/Air  Force 
casting  research  program  (reference  5}  was  submitted  to  Battelle's  Columbus 
Laboratories  for  statistical  analyses  utilizing  funds  from  the  MIL-HDBK-5 
program.  Mechanical  property  data  for  A357-T6  castings  from  Suppliers  A  and 
B  were  received  in  reference  (1)  and  (4)  while  data  for  A201-T-7castings  from 
Suppliers  C  and  D  were  transmitted  via  references  (2)  and  (3),  respectively. 
The  castings  were  produced  to  Northrop  specifications.  The  test  specimens 
were  from  a  standard  step  plate  with  specimen;;  taken  from  "designated"  and 
"nondesignated"  areas  of  the  plate.  On  the  drawing  of  a  cast  part,  the 
"designated"  area  shows  the  area  having  maximum  stresses  while  the  "non- 
designated"  area  has  lower  stresses.  Obviously,  the  highest  mechanical  prop¬ 
erties  are  required  in  the  "designated"  area. 

Approximately  50  tensile  property  observations  were  available  from 
the  "designated"  area  and  30  observations  from  the  "  nondes i gnated "  area  for 
each  supplier.  The  tensile  properties  were  obtained  from  step  plates  repre¬ 
senting  five  melts  with  castings  heat  treated  in  two  heat  treat  lots  consti¬ 
tuting  10  lots  of  castings  for  each  supplier.  Compression,  shear,  and  bear¬ 
ing  data  were  also  available  for  five  lets  of  castings  from  each  supplier. 

One  compression,  shear,  bearing  (e/D  =  1.5),  and  bearing  (e/D  =  2.0)  test 
specimen  was  taken  from  each  of  five  lots  of  castings  for  each  supplier. 


Summary 

Statistical  based  MIL-HDBK-5  design  mechanical  property  values 
were  determined  for  A357-T6  cast  test  plates.  The  data  from  the  two  sup¬ 
pliers  were  representative  of  cast  test  plates  produced  to  stringent  Northrop 
specifications.  An  equivalent  public  specification  is  not  yet  available. 

Such  a  specification  has  not  been  accepted  by  casting  suppliers  and  the 
producibili ty  of  cast  parts  to  such  a  specification  has  not  been  investigated. 
It  is  not  known  whether  the  statistical  based  A  and  B  values  for  tensile  yield 
with  ultimate  strength  will  be  representative  of  cast  parts.  Consequently, 
it  is  recommended  that  a  program  be  undertaken  to  demonstrate  this  applica¬ 
bility  as  soon  as  cast  parts  are  available  to  this  new  specification.  It  is 


(1)  Northorp  letter,  Oswalt  to  Ruff,  dated  August  18,  1983  (MIL-HDBK-5 
Source  rt-585). 

(2)  Northorp  letter,  Oswalt  to  Ruff,  dated  August  4,  1983  (MIL-HDBK-5 
Source  M-599). 

(3)  Northrop  letter,  Oswalt  to  Ruff,  dated  August  30,  1983  (MIL-HDBK-5 
Source  M-601). 

(<*)  Northrop  letter,  Oswalt  to  Ruff,  dated  January  18,  1984  (MIL-HDBK-5 
Source  M-605). 

(5)  "Manufacturing  Methods  for  Process  Effects  on  Aluminum  Casting  Allow¬ 
ables",  Northrop  Corporation,  Air  Force  Contract  F33615-79-5115. 
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believed  that  it  will  not  be  necessary  to  validate  the  reduced  (lower  toler¬ 
ance  limit)  ratios  used  to  compute  the  compression,  shear,  and  bearing  design 
values  since  it  is  unlikely  that  these  ratios  would  vary  significantly  from 
the  test  plate  to  the  part. 

The  A201-T7  mechanical  property  data  representative  of  cast  test 
plates  from  two  suppliers  were  analyzed  to  determine  MIl-HDEK-5  design  values. 
The  test  plates  were  produced  to  stringent  Northrop  specifications.  The 
tensile  yield  and  ultimate  strength  populations  for  the  two  suppliers  were 
different  and  could  not  be  combined.  The  distributions  of  tensile  yield  and 
ultimate  strengths  in  the  "designated"  area  were  non-normal  for  one  supplier 
and  A  values  could  not  be  determined  nonparametrically  due  to  the  small  sample 
size.  This  supplier  produced  the  lower  strength  material.  According  to  M1L- 
HDBK-5  guidelines  A  and  B  values  are  based  upon  the  supplier  producing  the 
lowest  strength  material  when  data  from  various  suppliers  cannot  be  combined. 
Consequently,  A  and  B  values  for  A201-T7  could  not  be  determined  due  to  the 
small  quantity  of  data.  Reduced  (lower  tolerance  limit)  ratios,  which  can 
be  used  to  compute  compression,  shear,  and  bearing  design  values  after  the 
design  values  for  tensile  yield  and  ultimate  strength  have  been  established, 
were  determined.  The  comments  regarding  the  applicability  of  A357-T6  tensile 
property  data  to  cast  test  parts  are  equally  appropriate  for  A201-T/. 


Analyses  of  A357-T6  Data 

The  A357-T6  tensile  data  from  Suppliers  A  and  B  were  analyzed  to 
determine  A  and  B  values*  in  accordance  with  MIL-HDBK-5  guidelines  (Chapter  9). 

The  following  equations  were  used  to  compute  these  values: 

A  s  X  -  kAs, 

B  =  J(  -  kgS , 

where  X  s  sample  mean  based  on  n  observations 
s  =  standard  deviation 

k.  *  one-sided  tolerance-limit  factor  corresponding 
A  to  a  proportion  at  least  0.99  of  a  normal 
distribution  and  a  confidence  coefficient  of 
0.95 

kR  s  one-sided  tolerance-limit  factor  corresponding 
°  to  a  proportion  at  least  0.90  of  a  normal 
distribution  and  a  confidence  coefficient  of 
0.95. 

Summaries  of  the  statistics  are  shown  in  Tables  1  through  4.  The  distributions 
were  normal  for  both  tensile  yield  and  ultimate  strengths  for  both  the  "designated" 


*A-value.  The  mechanical -property  value  above  which  at  least  99  percent  of 
the  population  of  values  is  expected  to  fall,  with  a  confidence  cf  95  percent. 

B-value.  The  mechanical -property  value  above  which  at  least  90  percent  o< 
the  population  of  values  is  expected  to  fall,  with  a  confidence  of  95  percent. 
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and  "nondeslgnated"  areas  for  both  Suppliers  A  and  B  with  the  exception  of 
the  tensile  ultimate  strength  for  the  "nondesignated"  area  for  Supplier  B. 
This  non-normal  distribution  was  negatively  skewed  as  shown  in  Figure  1. 

An  A  value  for  this  non-normal  distribution  could  not  be  determined  non- 
parametrically  because  of  the  small  quantity  of  data.  The  A  and  B  values 
for  the  "designated"  and  "nondesignated"  areas  for  Supplier  A  were  nearly 
identical . 


The  variances  were  very  low  possibly  due  to  the  fact  tije  data  were 
from  a  standard  test  block  (one  configuration  and  thickness).  For  Supplier 
B  the  yield  and  ultimate  tensile  strengths  of  the  "nondesignated"  area  were 
slightly  lower  than  those  of  the  "designated"  area.  Since  the  values  for  mean 
and  standard  deviation  appeared  similar  for  the  two  suppliers,  the  "F"  and 
"t"  tests  were  conducted  in  accordance  with  MIL-HDBK-5  guidelines  to  deter¬ 
mine  if  the  data  from  the  two  suppliers  constituted  a  single  population.  The 
"F"  test  is  used  to  first  determine  whether  the  two  sample  variances  differ 
(or  do  not  differ)  significantly,  after  which  the  "t"  test  is  used  to  eval¬ 
uate  whether  the  two  sample  means  differ  significantly.  The  results  of  the 
tests  are  shown  in  Tables  5  and  6.  For  the  "designated"  area  the  variances 
of  Suppliers  A  and  B  did  not  differ  significantly;  however,  the  averages 
differed  significantly.  Consequently,  the  data  from  the  two  suppliers  con¬ 
stituted  different  populations  and  should  not  be  combined.  For  the  "non- 
designeted"  areas,  the  variances  for  tensile  ultimate  strength  as  well  as 
the  averages  were  significantly  different.  A  comparison  of  A  and  B  values 
with  S  values  from  MI L-A-21 1 80  is  shown  in  Table  7. 

According  to  MIL-HDBK-5  guidelines,  a  minimum  of  100  observations 
are  required  for  the  determination  of  A  and  B  values  for  incorporation  in 
MIL-HDBK-5.  If  the  A  and  B  values  for  material  (from  Supplier  B)  having  the 
lower  strength  were  utilized  for  MIL-HDBK-5  A  and  B  values,  the  quantity 
(50  observations)  of  data  would  not  comply  with  the  MIL-HDBK-5  guidelines. 

Although  the  "F"  and  "t"  tests  indicated  that  the  tensile  yield 
and  ultimate  strength  averages  for  the  "designated"  area  were  not  equiva¬ 
lent,  the  magnitude  of  the  differences  were  small  (3  percent  or  less); 
consequently,  the  data  from  Suppliers  A  and  B  were  combined  and  reanalyzed 
with  the  results  shown  in  Table  8.  The  variances  increased  compared  to 
variances  in  Tables  1  and  3  and  the  distributions  were  normal.  The  A  and 
B  values  were  very  similar  to  the  A  and  B  values  for  each  supplier. 

The  A-values  from  the  two  suppliers  as  well  as  the  A  values  from 
the  combined  data  from  the  two  suppliers  support  a  specification  value  of 
50  ksi  for  tensile  ultimate  strength  and  40  ksi  for  tensile  yield  strength. 

If  a  new  specification  is  established  using  these  specification  minimum 
values,  the  S  basis  value  would  be  used  in  lieu  of  the  tensile  yield  strength 
A  value  in  the  MIL-HDBK-5  design  allowable  table  because  the  A  value  is 
higher  than  the  S  value.  The  A  value  and  S  value  for  tensile  ultimate  strength 
would  be  the  same.  The  B  values  from  Table  7  could  be  used  in  the  designal- 
lowable  table.  The  A  and  B  values  for  tensile  yield  and  ultimate  strength 
in  the  "desi gnated"  area  are  presented  in  Table  22.  It  is  recommended  that 
A  and  B  values  not  be  established  for  the  "nondesignated  "  area  because  these 
properties  are  concomitant  to  the  properties  in  the  "designated"  area.  The 
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cooling  rate  of  material  in  the  "nondesignated"  area  may  be  slower  (due  to 
the  absence  of  chill  bars)  and  the  radiographic  quality  requirements  as 
specified  on  the  drawing  may  be  lower  than  for  the  "designated"  area.  Al¬ 
though  the  properties  In  the  "nondesignated"  area  were  not  significantly 
different  than  those  for  the  "designated"  area  in  this  investigation,  it  is 
recommended  that  specification  minimum  values  for  tensile  yield  and  ultimate 
strength  be  established  arbitrarily  at  10  percent  below  the  specification 
values  for  the  "designated"  area.  Hence,  the  specification  values  for  the 
"nondesignated"  areas  are  45  ksi  for  tensile  ultimate  strength  and  36  ksi 
for  tensile  yield  strength  as  shown  in  Table  22.  The  elongation  data  ex¬ 
hibited  a  non-normal  distribution  and  A  values  could  not  be  determined  non- 
parametrically  because  of  Insufficient  data.  Elongation  values  are  presented 
on  an  S-basis  only  in  MIl-HDBK-5.  It  is  recommended  that  specification  mini¬ 
mum  elongation  value  be  3  percent  for  the  "designated"  area  based  upon  the 
B  value  and  2  percent  for  the  "nondesignated"  area  based  upon  an  arbitrary 
33  percent  lower  value  due  to  less  stringent  radiographic  requirements  for 
the  "nondesignated"  area. 

Design  values  for  compression,  shear,  and  bearing  strengths  are 
normally  derived  because  the  quantity  of  data  is  usually  insufficient  to  de¬ 
termine  these  allowables  in  the  same  manner  as  for  tensile  yield  and  ultimate 
tensile  strengths.  These  mechanical  property  values  are  established  through 
their  relationship  to  the  directly  calculated  values  (A,  B,  or  S)  for  tensile 
ultimate  strength  (Fty)  and  tensile  yield  strength  (F^  )  The  procedure  in¬ 
volves  the  pairing  of  individual  (or  lot  average)  shear  ultimate  strength 
(SUS)  and  bearing  ultimate  strength  (BUS)  measurements  with  corresponding 
tensile  ultimate  strength  (TUS)  for  which  Ftu  has  been  established  to  form 

ratios.  Likewise,  individual  compressive  yield  strength  ( CYS )  and  bearing 
yield  strength  (BYS)  measurements  are  mated  with  tensile  yield  strength  (TYS) 
measurements  for  which  has  been  established  to  form  ratios. 

The  design  values  for  compressive  yield  strength  (F  ),  bearing 

cy 

yield  strength  (Ffa  ),  shear  ultimate  strength  (Fsu),  and  bearing  ultimate 

strength  (Fbru)  were  determined  using  the  computational  procedure  in  the 

MIL-HDBK-5  guidelines  (Chapter  9).  The  following  equation  was  used  to  compute 
reduced  ratios: 


R  =  r 


/rf 


where  R 
r 
s 

t0.95 

n 


reduced  ratio 

average  of  n  ratios 

standard  deviation  of  the  ratios 

the  0.95  fractile  of  the  t  distribution  corresponding  to 
n-1  degrees  of  freedom 

number  of  ratios 
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For  the  A357-T6  castings,  one  compression,  shear,  and  bearing  test 
was  conducted  on  each  lot;  therefore,  individual  compression,  shear,  and 
bearing  values  were  mated  to  the  individual  companion  tensile  value  -  not 
the  tensile  value  representing  the  lot  average.  Since  the  tensile  strength 
observations  varied  considerably  for  some  lots,  this  procedure  provided  more 
accurate  ratios.  Compression,  shear,  and  bearing  data  were  analyzed  sepa¬ 
rately  for  “designated"  and  "nondesignated"  areas  of  the  casting.  Only  five 
ratios  were  available  for  each  of  the  two  areas.  The  results  of  these  ana¬ 
lyses  are  presented  in  Tables  9  through  16.  A  comparison  of  the  average 
ratios  for  the  "designated"  and  "nondesignated"  areas  Is  shown  in  Table  17. 
ForSupplierB  the  average  ratios  for  the  "nondesignated"  area  were  higher 
than  for  the  "designated"  area.  This  fact  is  somewhat  difficult  to  explain. 

The  difference  may  not  be  significant  and  may  oe  due  to  the  small  sample  size 
(five  ratios).  The  ratios  for  the  "designated"  and  "nondesignated"  areas  ex¬ 
hibited  reasonable  good  agreement.  Since  there  is  considerable  risk  involved 
in  attempting  to  determine  whether  two  populations  or  data  sets  are  signifi¬ 
cantly  different  for  small  quantities  of  data,  the  data  for  the  "designated" 
and  "nondesignated"  areas  for  each  supplier  wete  combined  and  reanalyzed.  A 
summary  of  the  resulting  reduced  ratios  is  presented  in  Table  18.  Since  most 
of  the  mechanical  property  ratios  for  the  two  suppliers  exhibited  reasonably 
good  agreement,  the  data  for  the  two  suppliers  were  combined  and  reanalyzed 
with  the  results  shown  in  Tables  19  and  20.  The  reduced  ratios  used  to  compute 
the  compression,  shear,  and  bearing  design  values  for  A357-T61  castings  in 
MIL-HDBK-5  Table  3.9.6.0(b)  were  determined  via  Item  65-5  and  approved  at  the 
30th  Meeting,  The  Boeing  Company  also  determined  reduced  ratios  for  A357-T6 
in  the  CAST  program,  reference  (6).  A  comparison  of  the  reduced  ratios  de¬ 
termined  from  the  data  from  Suppliers  A  and  B  with  those  used  to  compute  ex¬ 
isting  design  allowables  and  those  from  the  CAST  program  are  shown  in  Table  21. 
The  reduced  ratios  for  castings  from  Suppliers  A  and  B  and  those  from  the 

CIJC 

CAST  program  exhibited  fairly  good  agreement  except  for  ^^5  which  was  14  percent 

higher.  The  difference  in  the  reduced  ratios  may  have  been  caused  by  the 

use  of  different  types  of  shear  tools  since  there  are  no  standards  for  shear 
testing.  The  other  mechanical  property  ratios  when  compared  to  the  Boeing 
reduced  ratios  exhibited  less  than  6  percent  difference.  The  reduced  ratios 
for  A357-T61  castings  used  to  compute  the  existing  design  values  in  MIL-HDBK-5 
were  based  upon  limited  data  and,  therefore,  are  conservative,  except  for 


SUS/TUS  and 


BYS 

TYS 


e/D  =  1.5,  which  are  unconservative  based  upon  the  Northrop 


data.  As  a  result  of  this  comparison,  the  reduced  ratios  determined  from  the 
data  from  Suppliers  A  and  B  appear  reasonable  and  have  been  used  to  compute 
the  compression,  shear,  and  bearing  design  values  in  Table  22. 


When  an  AMS  or  government  material  specification,  which  is  equiva¬ 
lent  to  the  Northrop  specification  used  to  procure  the  castings  tested  in  this 
program,  is  published,  the  design  allowables  presented  in  Table  22  can  be  con¬ 
sidered  for  inclusion  in  MIL-HDBK-5.  The  design  values  in  Table  22  are  based 


(6)  McLellan,  U.L.,  "Cast  Aluminum  Structures  Technology  (CAST)  Structural 
Test  and  Evaluation  (Phase  V)  Part  III  -  Static  Property  Allowables", 
AFWAL-TR-80-3021,  April  1980. 


347 


upon  data  from  test  plates.  A  stringent  material  specification  representative 
of  the  specification  used  to  procure  these  test  plates  has  not  been  accepted 
by  the  casting  suppliers  and  actual  parts  have  not  been  produced  to  such  a 
specification.  The  producibility  of  cast  parts  to  such  a  specification  has 
not  been  investigated.  It  is  not  known  whether  the  A  and  B  values  for  tensile 
yield  and  ultimate  strengths  shown  in  Table  22  will  be  representative  of  cast 
parts;  consequently,  it  is  recommended  that  a  program  be  undertaken  to  demon¬ 
strate  this  applicability  as  soon  as  cast  parts  are  available  to  this  new 
specification.  It  is  believed  that  the  reduced  ratios  for  compression  yield 
strength,  shear  ultimate  strength,  and  bearing  yield  and  ultimate  strengths 
would  not  vary  greatly  from  test  plate  to  cast  part;  consequently ,  there  is  no 
need  to  determine  the  validity  of  the  reduced  ratios  for  cast  parts.  The  de¬ 
sign  values  for  A357-T6  in  Table  22  represent  the  capability  of  a  specific 
process  and  procurement  specification  and  perhaps  could  be  incorporated  into 
MIL-HDBK-5  with  an  appropriate  footnote  of  caution. 


Analyses  of  A201-T7  Data 


The  A201-T7  tensile  data  from  Supplier  C  and  Supplier  D  were  analyzed 
to  determine  A  and  B  values  in  accordance  with  MIL-HDBK-5  guidelines.  Sum¬ 
maries  of  the  statistics  are  shown  in  Tables  23  through  26.  As  indicated  in 
Table  23,  the  distributions  of  the  Supplier  C  data  from  the  "designated"  area 
were  non-normal.  The  distributions  tended  to  be  bimodal  as  shown  in  Figure  2. 
Investigation  revealed  that  specimens  at  the  T1  and  T3  locations,  which  were 
adjacent  to  risers,  exhibited  approximately  10  percent  lower  tensile  yield  and 
ultimate  strengths  compared  to  specimens  at  the  T2  and  T4  locations  accounting 
for  the  bimodal  distributions. 


The  distributions  of  the  Supplier  C  data  from  the  "nondesignated"  area 
were  normal  as  shown  in  Table  24.  The  mean  values  for  the  strengths  from  the 
"designated"  area  were  about  3  ksi  higher  than  from  the  "nondesignated"  area  for 
the  Supplier  C  data.  Due  to  the  small  quantity  of  data,  nonparametric  analysis 
was  not  applicable  for  determination  of  an  A  value. 

For  the  Supplier  D  data,  the  distributions  were  normal  for  both  the 
"designated"  and  "nondesignated"  areas.  Tables  25  and  26.  There  did  not  appear 
to  be  any  significant  difference  in  the  mean  and  standard  deviations  for  the 
"designated'  and  "nondesignated"  areas  of  Supplier  D  castings. 

A  visual  examination  of  the  values  for  the  mean  and  standard  devi¬ 
ations  for  Supplier  C  and  Supplier  D  data  revealed  sufficient  differences  in 
mean  and  standard  deviation  values  to  suggest  that  the  two  samples  were  sepa¬ 
rate  populations.  In  order  to  determine  definitely  whether  the  samples  were 
from  different  populations,  the  "F"  and  "t"  tests  were  conducted  in  accordance 
with  the  guidelines.  The  results  from  performing  these  tests,  as  displayed  in 
Tables  27  and  28,  indicated  conclusively  that  the  data  from  Supplier  C  and 
Supplier  D  constituted  different  populations  in  both  the  "designated"  and  "non- 
designat.ed"  areas  and  these  data  should  not  be  combined. 
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In  order  to  determine  the  effect  of  combining  a  sample  having  a 
normal  distribution  with  one  having  a  bimodal  distribution,  the  data  were 
combined  and  reanalyzed,  Table  29.  The  resulting  distributions  for  both 
yield  and  ultimate  strengths  were  negatively  skewed  as  shown  in  Figure  3. 
Although  negatively  skewed,  the  distribution  of  the  ultimate  tensile 
strength  values  was  normal  according  to  the  Chi-square  test  while  the 
distribuiton  of  the  tensile  yield  strength  values  were  non-normal.  Due  to 
the  small  sample,  nonparametric  analysis  for  determination  of  A  values  was 
not  applicable.  The  two  samples  should  not  be  combined  for  the  determina¬ 
tion  of  A  and  B  values  since  they  were  from  different  populations. 

To  summarize,  the  tensile  yield  and  ultimate  strength  populations 
for  Suppliers  C  and  D  were  different  and  could  not  be  combined.  The  distri¬ 
butions  of  the  Supplier  C  tensile  strength  data  from  "designated"  areas  were 
non-normal  and  A  values  could  not  be  determined  nonparametrically  due  to  small 
sample  size.  The  distributions  of  the  Supplier  C  data  from  "nondesignated" 
areas  were  normal.  The  mean  values  were  about  3  ksi  lower  for  the  "non¬ 
designated"  than  for  the  "designated"  area.  The  distributions  of  the  Supplier 
D  tensile  strength  data  were  normal  for  both  the  "designated"  and  "non¬ 
designated"  areas.  There  did  not  appear  to  be  any  significant  differences 
in  the  strengths  of  the  "designated"  and  "nondesignated"  areas.  The  mean 
strengths  of  the  Supplier  D  castings  were  higher  than  for  Supplier  C  castings. 

The  A  and  B  values  for  A201-T7  castings  produced  by  Supplier  C  and 
Supplier  D  were  compared  to  MIL-A-21180  specification  values  in  Table  30. 

The  specification  values  from  the  Northrop  specification  were  unknown.  The 
A  values  for  the  Supplier  D  castings  were  higher  than  the  MIL-A-21180  S  values 
for  both  the  "designated"  and  "nondesignated"  areas..  For  Supplier  C,  the 
tensile  ultimate  strength  A  value  was  4  ksi  lower  than  the  MIL-A-21180  S  value 
for  the  "nondesignated"  area.  Although  an  A  value  could  not  be  determined 
for  Supplier  C  castings  for  the  "designated"  area,  the  nonparametrically  de¬ 
termined  B  value  for  tensile  ultimate  strength  was  equal  to  the  MIL-S-21180 
S  value;  consequently,  the  A  value  would  be  lower  than  the  S  value. 

The  MIL-HDBK-5  guidelines  specify  that  when  the  data  from  different 
suppliers  constitute  different  populations,  the  A  and  B  values  shall  be  based 
upon  the  data  from  the  supplier  of  the  lowest  strength  material.  However, 
for  A201-T7,  A  values  could  not  be  determined  from  the  data  for  the  supplier 
producing  the  lowest  strength  material.  If  A  values  could  have  been  de¬ 
termined,  these  A  values  would  not  have  been  acceptable  for  inclusion  into 
MIL-HDBK-5  because  of  the  small  sample  size.  The  MIL-HDBK-5  guidelines  re¬ 
quire  at  least  100  observations  for  the  determination  of  A  and  B  values. 
Consequently,  additional  data  are  needed  to  determine  A  and  B  values  for 
A201-T7. 


Compression,  shear,  and  bearing  data  were  analyzed  separately  for 
the  "designated"  and  "nondesignated"  areas  of  casting  for  each  supplier. 
Individual  compression,  shear,  and  bearing  values  were  "paired"  to  the 
companion  tensile  value,  not  the  tensile  value  representing  the  lot  average 
because  of  the  considerable  variation  in  tensile  strength  within  a  step  test 
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plate  for  Supplier  C.  The  results  of  these  analyses  are  presented  In 
Tables  31  through  38.  Only  five  ratios  were  available  for  each  of  the  two 
areas  for  each  supplier.  For  Supplier  C  data,  the  ratios  for  lot  A101  were 
discarded  because  the  ratios  were  significantly  higher  than  the  other  four 
lots.  Investigation  revealed  that  the  tensile  yield  and  ultimate  strengths 
of  the  companion  tensile  specimen  were  unusually  low  causing  high  ratios. 

A  comparison  of  the  average  ratios  for  the  "designated"  and  "nondesignated" 
areas  is  shown  in  Table  39.  For  Supplier  C  the  average  ratios  were  higher 
for  the  "nondesignated"  area  than  for  the  "designated"  area.  This  fact  is 
somewhat  difficult  to  explain  but  may  be  due  to  the  small  sample  size  (four 
ratios  in  some  cases).  For  Supplier  D  the  average  ratios  for  the  "designated 
area  were  about  the  same  or  higher  than  those  for  the  "nondesignated"  area. 
There  is  considerable  risk  involved  in  attempting  to  determine  whether  two 
populations  or  data  sets  are  significantly  different  for  small  quantities 
of  data.  Consequently,  it  was  decided  to  combine  the  data  from  the  "desig¬ 
nated"  and  "nondesignated"  areas  for  each  supplier.  The  reduced  ratios 
from  these  analyses  are  presented  in  Table  40.  The  reduced  ratios  from 
Supplier  C  data  were  slightly  higher  than  those  from  Supplier  D  data  with 
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the  exception  of  and  Yys»  e/D  “  l*5-  The  reduced  ratios  for  the  two 
suppliers'  data  agreed  fairly  well,  except  for  yjjjr,  e/D  s  1.5.  Since  most 
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of  the  mechanical  property  reduced  ratios  for  the  two  suppliers  exhibited 
reasonably  good  agreement,  it  was  decided  to  combine  all  of  the  data  and 
reanalyze.  The  results  of  these  analyses  are  shown  in  Tables  41  and  42. 

A  summary  of  the  reduced  ratios  for  A201-T7  castings  is  shown  in  Table  43. 


Design  values  for  compression,  shear,  and  bearing  properties  for 
A201-T7 castings  are  not  available  in  MIL-HDBK-5.  However,  these  properties 
are  available  for  A201-T6  castings  as  established  via  Item  70-1  and  approved 
at  the  39th  MIL-HDBK-5  Meeting.  The  specification  tensile  properties  for  the 
two  tempers  are  identical;  therefore,  the  reduced  ratios  for  the  two  tempers 
would  be  expected  to  be  similar.  Consequently,  the  reduced  ratios  determined 
in  this  analysis  for  A201-T7  castings  are  compared  to  those  used  to  compute 
compression,  shear,  and  bearing  allowables  for  A201-T6  castings  in  MIL-HDBK-5 
Table  3.8.1.0(b)  in  Table  43.  The  reduced  ratios  for  the  two  tempers  ex¬ 
hibited  reasonably  good  agreement.  These  reduced  ratios  for  A201-T7  castings 
are  considered  suitable  for  use  in  computing  compression,  shear,  and  bearing 
design  values  for  incorporation  in  MIL-HDBK-5. 
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TABLE  9.  ULTIMATE  STRENGTH  RATIOS  FOR  A357-T6  CASTING 
SUPPLIER  A,  0.500  INCH  DESIGNATED  AREA 


223  7/3-13 

2237/3-14_ 

2244/2-17 

2244/2-18 

2250/4-21 

2250/4-22 

2256/4-29 

2256/4-JO_ 

2258/4-34 

2258/4-35 


H£LT  3  H.T. 


_  ..  R5J.. 

RATIO  __ 

-  _  t  h  _  o 

e/D  .IT 

e/D  *  2 

TUS 

sus 

BUS 

BUS 

TUS 

TUS 

TUS 

1 

REF ( 1 1 

55.3 

.613 

0.000 

2.119 

1 

REf  ii) 

.  54,1_ 

_ e.po.o _ 

_U738  _ 

0(000 

1 

REF | 11 

34.4 

.643 

0.000 

1.976 

1 

REF  < 1 1 

34.6 

0.000 

1.753 

0.000 

1 

REF(l) 

94.6 

.645 

0.000 

2.238 

1 

REF ( 1) 

93.6 

0.000 

1.772 

0.000 

2 

REFI 12 

56.2 

.616 

0.000 

2.132 

.2. 

RE  Fill 

_ 54a3__ 

.... 0,QOO  „ 

_ lt709  — 

0.000 

2 

REF (11 

94.9 

.637 

0.000 

2.142 

2 

REF(l) 

52.6 

0.000 

1.745 

0.000 

NUMBER  R 

5 

3 

5 

AV  »  R 

.631 

1.743 

2.122 

SUM  R 

3.154 

8.717 

10.608 

iUlST  JR. 

J.990 

_JL3»201 _ 

-2Z*539 

SDE  V  « 

.0153 

.0231 

.0939 

SOEV  RSAR 

.0068 

.0103 

.0420 

RED.  RATIO 

•  616 

1.721 

2.032 

TABLE  10.  ULTIMATE  STRENGTH  RATIOS  FOR  A357-T6  CASTING 
NON-DESIGNATED  AREA  SUPPLIER  A 
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TABLE  11.  YIELD  STRENGTH  RATIOS  FOR  A357-T6  CASTING 
SUPPLIER  A,  0.500  INlH  DESIGNATED  AREA 
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~T76lA~ 
J.673 
5 

_ 1*715 
8*577 
1A. 717 
.03TT 
•  015B 
1.6B2 


2.265 
2.203 
“27233 
2.216^ 
2.13A 
_  0.000 
0.000 
0.000 
o.ooo" 
0.000 
5 

2.210 
11.051 
2A.A32 
•  0A8A 
.0217 
2.16A 


TABLE  14.UlTlMAfE  STRENGTH  RATIOS  FOR  A357-T6  CASTING  NQNBESIG 


AREA  SUPPLIER 

B -  - 

- - - 

- - 

- -  - 

■v*, 

RSI 

RATIO 

Oi,- 

si 

TUS 

SUS 

e/ous 15 

e/8us2-0 

TUS 

tus 

TUS 

r.’% 

rv 

F66 

SUPPLIER  B 

REF 

C  AT  3173“  ~ 

•  6A3 

0.000 

'  2.281 

Cv 

F67 

SUPPLIER  B 

REF 

(A)  51.1 

•  673 

0.000 

2.305 

F91 

SUPPLIER  B 

REF 

CA)  32.1 

•  656 

0.000 

2.2AA 

i- 

F95 

SUPPLIER  B 

ref 

CA)  52.9 

•  6A5 

0.000 

2.210 

f  99 

SUPPLIER  B 

REF 

CA)  31.1 

.652 

0.000 

2.217 

F06 

SUPPLIER  B 

REF 

CA)  51.2 

0.000 

1.775 

0.000 

k  " 

F87 

SUPPLIER  B 

REF 

(A)  52.5 

0.000 

I.76A 

0.000 

K; 

F91 

SUPPLIER  B 

REF 

CA)  A9.1 

0.000 

1.  BAT 

0.000 

K' 

F95 

^TtfpPLIER  B 

REF 

CA)  91.0 

0.000 

1.629 

0.000 

p~- 

F99 

SUPPLIER  B 

REF 

CA)  A8.9 

0.000 

1.696 

0.000 

HUHBER  R 

5 

5 

5 

l.\ 

AVG  R 

*  65  A 

1.922 

2.251 

SUN  R 

3.269 

9.112 

11.257 

i  «. 

SUNSQ  R 

2.13B 

16.616 

25.350 

V 

SOEV  R 

•  0121 

•  05A0 

•  0A10 

£•: 

SOEV  RBAR 

•  005A 

•  0242 

•  016  3 

RED.  RATIO 

•  6A2 

1.771 

2.212 

r  >" 

•  .  _ 

...  — 

..  •  .  _ 

... 

- 

r: 

360 


V*  -c;m 


TABLE  15. YIELD  STRENGTH  RATIOS  FOR  A397-T6  CASTING  DESIGNATED 
-  AREA"SUPPLIER“S  “ - - - - - 

s 


NUMBER 


SUMSO  R 


SDEY  RIAR 
RED.  RATIO 


•  0073 
*980 


12.705 


.0142 

1.564 


17.540 


.0140 
' 1.843 


TABLE" 1  6Ty  I E  LD~$  f  aTNGThTT ATI  0  SToTTl 35' 7-T 6 C  A  ST  I NG  Wn-D E  S 1 6  NATE  0 

AREA  "SOP RUfER  "b~ -  - 

KSI  .  RATIO  ___ 


• 

■  -  -■ 

- - - 

_ TYS _ 

1 

'  1 

«*|«* 

>l> 

oj*- 

1 

e7D~“  1 .5 

BYS 

TYS 

SUPPLIER 

B 

REF  141“ 

43. 

9 

1.057 

1.656  0 

SUPPLIER 

B 

REF  (4) 

45. 

4 

1.004 

1.949  0 

SUPPLIER 

B 

REF  (4) 

43. 

1 

1.065 

1.5 

96  0 

SUPPLIER 

B 

REF  (4) 

45. 

2 

1.022 

1.6 

11  0 

SUPPLIER 

B 

REF  14 I 

43. 

0 

1.026 

1.6 

51  0 

SUPPLIER 

B 

REF  (4) 

43. 

9 

0.000 

UL 

00  1 

SUPPLIER 

B 

REF  <41 

44. 

9 

0.000  , 

0.0 

H a 

SUPPLIER 

B 

REF  <4 ) 

44. 

4 

O.OCO 

0*0 

00  1 

SUPPLIER 

B 

REF  <4 ) 

45. 

2 

0.000 

03  1 

SUPPLIER 

B 

REF  (4) 

42. 

7 

0.000 

0.000  1 

e7IT- 

BYS 

TYS 


NUMBER  R 

AVG  R _ 

SUM  R 
SUMSO  R 


SDEV  RBAR 
RED.  RATIO 


5 

1.035 

5,174 

5.357 


253 
1 


1.693 

8.463 

14.411 


1.964 


5 

1.950 

9.750 

19.016 


5 


i 

i 

Suppl 

ier  A 

!  ' 

Supplier  B 

Property 

Ratio 

Edge 

Distance 

Designated 

Area 

Non-Designated 

Area 

Designated 

Area 

Non-Designated 

Area 

0.500  inch 

0.750  inch 

0.500  ‘inch 

0.750  inch 

CYS/TYS 

1.021 

1.028 

— 

1.035 

SUS/TUS 

0.631 

0.625 

0.654 

BUS/TUS 

1.5 

1.743 

1.696 

1.715 

1.822 

BYS/TYS 

1.5 

1.591 

1.605 

1.594 

1.693 

BUS/TUS 

2.0 

2.122 

2.127 

2.210 

j 

2.251 

BYS/TYS 

2.0 

1.837 

1.941 

1.873 

1.950 

I 


TABLE  18.  REDUCED  RATIOS  FOR  A357-6 
FOR  SUPPLIERS  A  AND  B 


Property 

Ratio 


CYS/TYS 

SUS/TUS 

BUS/TUS 

BYS/TYS 

BUS/TUS 

BYS/TYS 


Edge 

Distance 


Supplier  A 


TABLE  19. ULTIMATE  STRENGTH  RATIOS  FOB  A357-T6  CASTING 


II'H 


e/D  ■  1.5  e/D  ■  2.0 


SUPPLIER  A 

_ DESIGHA.TE.lL  AULA _ 

2237/3-13  BELT  1  H.T.  1  REFT  1) 


2244/2-17  MELT  2  H.T.  1  REFC1) 


2250/4-21  BELT  3  H.T.  1  REF  1 1 ) 


nTTITxWnETW 


UJtll 

m 


HH. 

IS 


rwm 

HMM 

P'Uj 

♦ff-R* 


2236/4-29  MELT  3  H.T.  2  REF 1 1) 
-2236/4-3(1  HELT-S  H.1.-.2  AJLFJL11. 
2256/4-34  HELT  4  H.T.  2  REFtl) 


0.000 


0.000 


0.000 


0.000 

_1a10SL 

0.000 


2.119 


■MW 

1.976 


2.132 

,0*000 

2.142 


i-ni  ;fioV 


NON- DESIGNATED  AREA 


F2237/3-13  MELT  1  H.T. 1  REFt  ) 
E22.4A /2-17  JiEULJL  J1.J.L. RLFl-1 
F22 44/2-17  N£LT  2  H.T.l  REFf  1 
F22  50/4—21  MELT  3  H.T.l  REF T  1 
F 22  30/4-21  MELT  3  H.T.l  REFT  1 


F22  56/4-29  MELT  5  H.T. 2  REFT  1 


F  22  56/4-34  MELT  4  H.T. 2  REFT  1 

_ SUJ>PLJL£A_B _ 

DESIGNATED  AREA 


SUPPLIER  B  REF  14) 

SUPPLIER  B  REF  T4) 


O.OQQ _ 24084, 


0.000 


22 


TABLE  20.  YIELO  STRENGTH  RATIOS  FOR  A317-T6  CASTING 


k»41 


1*41 


e/D  -  1.5  e/D  -  2.0 


1*1 


IM 


SUML  HR  A 

_ QESI6HATED  AREA _ 

2237/3-13  KELT  1  H.T.  1  RIFfl) 


2244/2-17  KELT  2  H.T.  1  REM  1) 


2290/4-21  HILT  3  H.T.  1  RIM1I 


2236/4-29  KELT  9  H.T.  2  REM  1) 


2236/4-34  HELT  4  H.T.  2  REF(l) 


1.011 


1.019 


1.013 


1.940 


0.000 


C.000 


0.000 


0.000 


1.769 


1.672 


1.773 


1.902 


1.667 


12244/2-17  HELT  2  H.T.l  REFT  ) 


F22 56/4-29  NElT  5  H.T. 2  REFT  ) 


F2237/3-13  H£LT  1  H.T.l  REFT  > 


F2250/4-21  HELT  3  H.T.l  *EFI  » 


F2238/4-34  HILT  4  H.T. 2  REFf  ) 


F2244/2-17  HELT  Z  H.T.l  REFt  I 


1.000 


1.049 


0.000 


C.000 


0.000 


0.000 


0.000 


0.000 


1.969 


1.604 


1.616 


C.000 


0.000 


0.000 


0.000 


o.oco 


0.000 


1.971 


AYG  R 


SUMO  R 


soi v  i 

-iQ£JL.JUUi_._ 

ISO,  RATIO 


0.000  0.000 


0.000  0.000 

20 


1.020  1.621 


20.613  92.664 


.0231  .0823 

_A.QflJ2 _ .0L84^ 

1.011  1.969 


72.294 


.0704 


1.673 


24 


TABLE  22. 


DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF  A357.0 
ALUMINUM  ALLOY  CASTING 


Northrop 


(e/D  »  1.5) 
( e/D  v  2.  0) 
ef  per  cent:.. 


E,  10  ksi - - - - 

E~.  103  ksi  . 


Physical  properties: 

w,  lb/in.  3 . . . . 

C,  Btu/(lb)(F)„...,„ . 

K,  Btu /[  (hr)(ft2)(F)/ftl 
a,  1 0  in .  /in.  / F_...  . 


0.097 
0.23  (at  212  F) 

88  (at  77  F) 

12.0  (68  to  212  F) 


Specification  value.  The  A-value  is  higher  than  specification  values  as 
follows:  Fty  =  41 . 

Bearing  values  are  "dry  pin"  values  per  Section  1.4. 7.1. 


■V"V,.V”.VrV'j' 


*  V»  ■  »  P  ~  *  i  f  -1  "_r  ‘  '  V 


TABCT 


HO*  OF  DATA 
AVER  ACE 
STO*  DEV. 

_ <♦  ■  106 


CHI  SQUARED 
NORMAL 


A  BASIS 
B  BASIS* 


rTERSICrSTRENBTH  OF  A201-T7  CASTING  FROM - 

SUPPLIER  C.  0.500  INCH  THICK,  DESIGNATED  AREA 

TVS*  TUS*  ELONC.*  RED.* 

KSI  RSI  X  X 


91  91  91  0 

58.00  61*99  .75*  0.00* 

9.069  2*  797  .164*  0.0009 

101 _ 


TALLY  OY  DECILES  UNDER  THE  NORMAL  CURVE 


19.47  29.99 

NO  NO 


91.12  9999*99 

NO  NO 


HIL-HDBK-9  A  ♦  B  VALUES 

0.00  0*00  0*00  0.00 

53*70  99.90  2.00  0.00 


♦Nonparametric  determination. 
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TABLE  24.  TENSILE  STRENGTH  OF  A201-T7  CASTING  FROM 
_  _ .SUPPLIES  C,  0.750 -INCH-THICK,  .NON-DESIGNATED. AREA  .  . 

ITS#  _  TUSi  _  ELONG* »  RED.* 

RSI  KSI  '  t  % 


27 


TABLE  25.  TENSILE  STRENGTH  OF  A20I-T7  CASTING  FROM  SUPPLIER  D, 
0.500  INCH  THICK,  DESIGNATED  AREA 


TYSjl. 

KSX 


TJS* _ ELDHG.jl. 

KSI  X 


NO.  OF  DATA  _ 52 _ 

AVERAGE 

60.23 

..STD..  OEVa, 

_ LL5  5 

ffED.i. 

t 


-0.000* 


_ J  ALLY— BUL  DECILE  S_UND£&.  IHE_M3R.NAL  CURVE.  __  _ 


CHI  SOU4REO 
NOilMAJ _ 


A  BASIS 
B  BASIS. 


7.23 

YEiL 


55.79 
57.6  8, 


6.00 

_  JfES  — 


7.62  9999.99 

_  YES—. . HO 


HIl-HDBK-5  A  ♦  B  VALUES 

61.33  ~  2.09  0.00 

63. 21 _ 3.  LT _ 0.00. 


TABLE  27.  TESTS  OF  SIGNIFICANCE  FOR  A20I-T7  CASTINGS,  DESIGNATED  AREA 


•  •  o  m  4»  »  1 

^  o 

d  •  •  v  «*■ 


d  •  _  -a 

_  _  O  ~  O  «  « 

«0S  •  •  •  •  • 

r  tu  h  ^  n  ¥>  n 


•#  c  •  9  o  **■  m  m 
<r  4-  f  j  «  #  ft  h  h 

•  «  «o  •  •  a  9  rg 
o  4%  fW  <a  «  h  o 

4)  #N  #  •  • 


O  ***  t  •  O  M  ^  w  9>  # 

o#m  -«  yv  *j  o  ft  ft  ri  O 

•  •  o  •  •***+—»  ft  *•  _. 

»  o  <*  •*  «v  c*  ft  o  «d  S  m  rf, 

40  f  ■  •  •  (  • 

^  Aiirf  ft  ft  4>  M 

*J 


<C  ft  •  tff  N 
f>J  ro  M  W  #  N  ^  f" 
•  •  -O  •  •  X>  *-4  f\J 

ft  -4  N<  ^  »  o 

IT  4>  ft  •  •  • 


«£  O  -J 

s  "'I 

•—  UJ  CNi  O' 


V*  ft 

* 

15 

•4 

© 

X 

—  1  UJ 

ft  ft 

© 

•If 

c 

*iuar 

Ui  UJ 

w 

Ui 

ft 

ft 

•r  • 

ft.  Ui 

■ft 

ft- 

i  a 

ft  ft 

S'  m 

ur 

ft 

C  «ft 

ft 

ft®  M 

g  is 

ft 

X 

ft 

U 

*-»  »-• 

(3  4*. 

*— 

ft 

•  X 

(A 

c 

© 

ft  ft 

UJ  Ui 

X 

X  Ui 

ft  •-* 

o  c 

ft  ft* 

U 

Ui  3 

UT  Of 

Ui 

u.  X 

o  m 

n*  ft  ft 

i5  e 

1*  Ui 

r  ui 

X  ft 

ft  -J  ft 

* 

y  i 

V  ft 

or 

ft  o 

*J  ft 

c 

h-4  ft 

*"  X 

O  ill 

►» 

ft-  *- 

ft-  Mi 

ft  U, 

ft  ft  % 

on  ft  © 

*- 

ft  ft 

m  r 

Ui  u- 

ft  o 

•  0-5 

41 

4  ft 

r  *h 

ft  ft  m 

Nu.  J 

x 

o 

ft 

Ui 

10 

ft 

X 

« 

■ 

-4 
*•*  t 

ft 

o 

X 

Ui 

• 

© 

ft 

cr 

N  ft 

ft 

Ui 

Ui 

Ui 

ft 

ft 

X  Ui 

** 

ft 

1  • 

«a> 

D  ft 

ft 

ft 

-4lD 

til 

z 

O  u. 

ft 

ftO 

ft 

w 

ft 

X 

ft 

u 

ft* 

10  ft 

w 

Ui 

• 

X 

or 

© 

© 

ft 

ft 

o 

X  X 

Hi 

ft 

ft 

«* 

►—  •  ui  y  w.  mi 

►**  DO  •  3  C 


•—  ft  u  a)  o 

uia  2  U  ft 

iAOjC  wZ  4 

ft  at  ft  4c 

Wdf  UiMS 
ft-  UJ  ft  u.  *  ft#* 
HQUIU.4  WU 

X  ft  >  ft  % 

U-  UL  © 

O  C  O  OOft* 
m  r  wujft- 

«  ar  3i»h 
U>  o  r  T  x 

**  x.  ft  i$  o 

ft.  ar 
=>  ft 

ar  r 


«  ^  » 
rg  4 


o 

Ui 

VS  Ui 

0* 

at  O 

X  ft  © 

•  o  © 

VC  3 

u»  ft 

V  U  ft 

o 

C  i> 

• 

ui  7 

uj  y 

3  O 

■  30 

o 

ft  u 

ft  4ft 

UJ 

4t 

—  ft 

ft 

>  Ui 

ft  >  ft 

ft 

ft 

T  or 

©  ft  9 

1  al  C 

a 

ft  u 

ft  ft  u. 

i* 

ft  Ui 

ft  ft  UJ 

3  ft 

I  S3  w 

ft* 

ft  ft- 

ft  ft  ft 

X 

ft  T 

—  -0  X 

u 

t-  U 

o  ft  ft 

PARISON  OF  A  AND  B  VALUES  WITH  S  VALUES  FROM  MIl-A-21180  FOR  A20T-T7  CASTING 


Determined  by  nonparametric  technique. 


sus 

Tus 


Tus 


e/0  *  1 .5  e/D  =  2.0 
BUS  BUS 

Tus  Tus 


SUPPLIER 

C 

REF 

(2) 

6B.fi 

.62  0 

G  .  0  C  C 

1.976 

supplier 

c 

REF 

4  2) 

68.5 

•  fct  1 

0.3C? 

2.030 

SUPPLIER 

c 

REF 

f2| 

69.0 

.597 

u.  C  09 

1  .999 

SUPPLIER 

c 

KEF 

4  2) 

65.6 

.fell 

O.OCG 

2*376 

SUPPLIER 

c 

REF 

4  2j 

67  .2 

J.  cco 

1.417 

C  ,  OLL 

supplier 

c 

REF 

(2) 

65  .9 

D.0C0 

1.498 

o.oto 

SUPPLIER 

c 

REF 

(  2) 

65.4 

0.000 

1.543 

0.011 

supplier. 

c 

REF 

(  2) 

67. D 

0.000 

1.479 

O.COE 

SUPPLIER 

c 

RtF 

« 

65.5 

D  .  00  0 

1.562 

o.tcc 

NUMBER  R 

4 

5 

4 

A  VG 

R 

.  60  3 

1.504 

2.023 

SUM 

R 

2.410 

7.  516 

6.091 

SUMS  Q  R 

1.452 

11.32C 

16,371 

SCE  V 

R 

•  0061 

.0629 

.  0434 

SLfcV 

Rat  p 

.00  31 

.0281 

•  C  2  L  7 

RED. 

RAT  10 

.595 

1.444 

1.972 

TABLE 

32. 

ULTIMATE  STRENGTH  RATIOS 

FOR  A201-T7 

CASTING, 

N0N-DE51GNATED  AREA,  SUPPLIER  C 


KS  I 

RATIO 

e/D  =  1.5 

e/D*  2.0 

TUS 

SUS 

BUS 

8US 

TUS 

TUS 

TUS 

SUPPLIER 

C 

REF 

(2) 

5e  .2 

.  666 

t.CCO 

2.156 

SUPPLIER 

C 

REF 

(2) 

56  .3 

•  676 

C.OCC 

2.173 

SUPPLIER 

c 

REF 

(2) 

56.3 

*  664 

O.COE 

2.316 

SUPPLIER 

c 

REF 

(2) 

56.8 

.694 

l.COt 

2.217 

SUPPLIER 

c 

REF 

(2) 

60  .7 

.624 

G.CCD 

2.14C 

SUPPLIER 

c 

KEF 

(2) 

62  .9 

u.003 

i.ee7 

3.003 

SUPPLIER 

c 

REF 

<2  3 

63  .9 

o.occ  • 

1. 679 

0  •  C  J  c 

supplier 

c 

RtF 

42) 

64 ,8 

3.  3C0 

1.677 

0.033 

SUPPLIER 

c 

RFF 

(2) 

65.6 

3.  ore 

1*639 

3,003 

supplier 

c 

RtF 

42) 

66*6 

j.OOC 

1  o  6 1 1 

O.OOt* 

NUMBER  R 

5 

5 

£ 

AVG  R 

.669  , 

1 . 659 

2.20C 

SUM  R 

3.345 

6.293 

13 .999 

SUMS  Q 

R 

2.  241 

>13.760 

24.215 

SOEW  R  .0  272  ,0325  .Q71C 

SDEV  R3C R  .0122  .0145  .1317 

RED.  RATIO  .643  1.628  2.132 


374 


A 10  <4 

A107 


B106 


TABLE  33.  YIELD  STRENGTH  RATIOS  FOR  A201-T7  CASTING.  NON- 
DESIGNATED  AREA.  SUPPLIER  C 

_  KSI  RATIO 


SUPPLIER 

SUPPLIER. 


SUPPLIER 

SUPPLIER 

SUPPLIER 

SUPPLIER 

SUPPLIER 

SUPPLIER 

SUPPLIER 


I  62.7 

I  62 .6 


63. 
62*0 
62.6 
60  *6 
62.6 

_ 62.6 

61.1 
NUMBER  R 
AVG  R  ' 

SUM  R 
SUMS  Q  R 
SDEV  R 


SCEW  RBAR 
REO.  RATIO 


TABLE  34.  YIELD  STRENGTH  RATIOS  FOR  A201-T7  CASTING. 
NON-DESIGNATED  AREA,  SUPPLIER  C 


cv  s 
TTs 

BYS 

tys 

fiY5 

TYS 

1.  361 

0.003 

1.707 

1.035 

o.sco 

1.  709 

1.036 

0.000 

1.66  5 

1.023 

c.cco 

1. 715 

O.OC'L 

1.636 

2  •  CL  : 

3.000 

1 . 656 

o.cco 

3.003 

1.666 

D.GCO 

0.  02  0 

1.62C 

o.ccc 

0.  000 

1.619 

o.cco 

4 

5 

6 

1.0  36 

1.635 

1.696 

6.137 

7.173 

6.775 

6.279 

10.29C 

11.679 

.0062 

.0152 

.  0327 

.0061 

.0166 

.0166 

1.025 

1.620 

1.655 

SUPPLIER  C 


F 107  SUPPLIER  £ 
FilO  .  SUPPLIER  C 
Fill  SUPPLIER  C 
F 1 01  SUPPLIER  C 
FI 06  SUPPLIER  C 


FI  10  SUPPLIER 
FI  13  SUPPLIER 
F101  SUPPLIER 
F104  /  SUPPLIER 
Fl 07  SUPPLIER 
F110  SUPPLIER 
Fl  13  SUPPLIER 


REF  V  ) 
REF  <2  | 


WIJJUl 


0.003 

0.030 

1.533 


REF  12  ) 


59.6 

3*.B 

52.9 

53*0 

51*2 

.Mi..?.. 

55.8 


NUMBER  R 
AVG  R 
SUM  R 
5UNS0  R 
5  Pi 

SDEV  R8A» 
RED.  RATIO 


0.500 

0.000 

0.000 

0.003 

C.OLO 


0.000 

5 

1.353 

5,293 

5.600 


11.355 


c/D  *1.5  e/D  =2.0 


TYS 

CYS 

BY  > 

8YS 

m 

TTS 

TYS 

53.4 

1.036 

0.003 

0.000 

QiQOQ _ 


0 

0.000 
3.000 
0.000 


0.000 

0.300 

1.868 


17.588 


TABLE  35.  ULTIMATE  STRENGTH  RATIOS  FOR  A201-T7  CASTING 
DESIGNATED  AREA  SUPPLIER  D 


►  1  SUPPLIER  0 

>4  .  SUPPLIER  0 

REF  (3 ) 

«L££_L31_ 

TUS 

68.5 

67.2 

SUS 

Tus 

.565 

_ .601  . 

e/D  ®1.5 
BUS 

TUS 

0.003 

Q.J1D2 

e/D s  2.0 
BUS 
TUS 

2.031 

2.092 

>7  SUPPLIER  0 

Rff  13) 

67.2 

•  594 

0.000 

2.137 

.0.  SUPPLIER  0 

REF  (3) 

.  _  69.3 

.577 

0*339 

2.100 

3  SUPPLIER  D 

REF  (3) 

62.9 

.647 

0.003 

2.273 

12  .  SUPPLIER  0 

REF  (3) 

66.5 

.  .  0.000 

1.671 

0.000 

>5  SUPPLIER  0 

REF  13) 

69.6 

0.000 

1.601 

0.000 

SlLr^LJLER-D _ Ri£_13J _ 67*2. 

SUPPLIER  D  REP  (3)  67.9 

SUPPLIER  D  REF  13)  67.8 

NUNBER  R 

_  .  .  .  . .  .  AVG  R  ......  . 

SUN  R 


SDL V  ft 
SDE V  R8AR 
RED.  RATIO 


0.000 

0.000 

5 

.601 

3.009 


.1.666 _ 

1.633 

1.643 

5 

1.639 

8.193 


A.JJQJ? _ 13*  Ail. 

.0273  .0254 

•0122  .0116 

.579  1.616 


_  0*000 
0.000 
0.000 
5 

2.127 

10.633 

.22.644 

*0905 

.0605 

2.040 


TABLE  36.  ULTIMATE  STRENGTH  RATIOS  FOR  A201-T7  CASTING 
NON-DESIGNATED  AREA,  SUPPLIER  D 


SUPPLIER 

SUPPLIER 

0 

_D _ 

REF  13) 

REE  (31 

SUPPLIER 

0 

Rf  F 

13) 

SUPPLIER 

0 

REF 

(3) 

SUPPLIER 

0 

REF 

13) 

SUPPLIER 

D 

REF 

13) 

SUPPLIER 

0 

REF 

13) 

SUPPLIER  0 
SUPPLIER  D 


REF  13) 
REF  13) 


NUHBcR 
G  R 
N  R 


66.0 

62.5 

R 


SOEV  R 
SOEV  RBAR 
RED.  RATIO 


0.000 

0.000 

5 

•  602 
3.011 


1.626 

1.633 

_ I*5_2J_ 

1.620 

1.750 

5 

1.665 
6.225 
IsSkk.. 

•  0605 

•  0270 
1.587 


2.066 

2.006 


0.00 

0,00 

_ nr, 

0.000 

0.000 

5 

1.963 

9.915 

_ U2*J»9  2 

•  0901 
.0403 
1.897 


TABLE  37.  YIELD  STRENGTH  RATIOS  FOR  A201-T7  CASTING 
DESIGNATED  AREA.  SUPPLIER  D 


— 

■  • 

TYS 

CYS 

m 

e/D  -  1.5 

BYS 

TFT 

e/D-  2.0 
IYS 
Ty5 

SUPPLIER  0 

REF 

1  3) 

‘6  3.4 

.979 

0.000 

0.000 

SUPPLIER  0 

REF 

1  31 

60.8 

1.044 

0.000 

_0  .00  0_ 

SUPPLIER 

D 

REF 

(3) 

SUPPLIER 

0  ‘ 

REF 

1  31 

SUPPLIER 

D 

REF 

I  3) 

SUPPLIER 

0 

REF 

(  3) 

SUPPLIER 

0 

_ R  E  F_ 

4  3) 

SUPPLIER  D 

(  3) 

SUPPLIER 

D 

REF 

4  3) 

SUPPLIER 

0 

•  CF 

1  3) 

supplier 

0 

REF 

1  3) 

SUPPLIER 

0 

‘  REF 

4  3) 

SUPPLIER 

0 

REF 

4  3) 

SUPPLIER 

0 

REF 

4  3) 

HUMBER  R 
AVI  R 
SUM  R 
SUHSQ  R 
SDE V  R 


SOEV  RRAR 
RED  »  RATIO 


0.000 


0.000 

0.000 


rrrn 


5 

1.044 
5.220 
5.460 
9 


2 

.994 


5 

1.531 

7.653 

11.717 

6 


TABLE  38.  YIELD  STRENGTH  RATIOS  FOR  A201-T7  CASTING 
NON- DESIGNATED  AREA,  SUPPLIER  D 


SUPPLIER  0 


SUPPLIER  0 
SUPPLIER  D 
SUPPLIER  0 
SUPPLIER  D 
SUPPLIER  D 


REF  <  3) 


REF  (  3) 
REF  (  3) 
REF  4  3) 
REF  4  3) 
REF  (  3) 


0 

SUPPLIER  D 

REF  4  3) 

59.3 

0.000 

3.. 

SUPPLIER  0 

REF  4  3) 

59.7  .. 

0.000 

1 

SUPPLIER  D 

REF  4  3) 

61.7 

0.000 

4 _ 

. SUPPLIER  D 

REF  1  3) 

61.9 

0.000 

7 

SUPPLIER  D 

REF  C  31 

61.5 

0.000 

SUPPLIER  D 

REF  4  3)  61 

.  NUMBER  R 

AVG  R 

SUM  R 

SUMSO  4 

11.517 


1.864 


3 

5 

1.857 
9.285 
17.317 
3 


e/D  *1.5 

itS. 

TYS 

0.000 
OD 
00 
00 
00 
54 
52 


e/D*  2.0 
BYS 
TYS 

0.000 

.tuoao. 


o.ooo 


14.286 


[#Ti 


TABLE  39,  COMPARISON  OF  AVERAGE  RATIOS  FOR  A201-T 7  CASTINGS 


: 

Supplier  C 

Supplier  D 

Property 

Ratio 

Edge 

Distance 

Designated 

Area 

Non- Designated 
Area 

Designated 

Area 

Non- Designated 
Area 

0.500  Inch 

0.  750  inch 

0.500  inch 

0.750  inch 

CYS/  TYS 

1.034 

1.058 

1.044 

1.012 

SUS/TUS 

0.603 

0.669 

0.601 

0.602 

BUS/TUS 

e/D  =  1.5 

1.504 

1.659 

1.639 

1.645 

BYS/TYS 

e/D  -  1.5 

1.435 

1.507 

1.531 

1.518 

BUS/TUS 

e/D  =  2.0 

2.023 

2.200 

2.127 

1.983 

BYS/TYS 

e/D  =  2.0 

1.694 

1.875 

1.857 

1.690 

TABLE  40.  REDUCED  RATIOS  FOR  A201-T7  FOR  SUPPLIERS  C  AND  D 


Property 

Ratio 

Edge 

Distance 

Supplier  C 

Supplier  D 

CYS/TYS 

1.034 

1 .005 

SUS/TUS 

0.615 

0.589 

BUS/TUS 

1.5 

1.5.26 

1.616 

BYS/TYS 

1.5 

1.446 

1.511 

BUS/TUS 

2.0 

2.053 

1.989 

BYS/TYS 

2.0 

1.730 

1.700 

TABLE  41.  ULTIMATE  STRENGTH  RATIOS  FOR  A201-T7  CASTING 


RSI. 

RATIO 

TUS 

sys 

e/[W-5 

e/e.,s : 

TUS 

TUS 

TUS 

SUFFLIER  C 

DESIGNATED 

AREA 

A10A 

SUPPLIER  C 

REF 

(2) 

8*.  A 

•  600 

C.0C3 

1 .97q 

A107 

SUPPLIER  C 

REF 

(2) 

83.1 

.601 

0,000 

2.036 

AllO 

SUPPLIER  C 

REF 

(2) 

60.3 

.597 

0.000 

1.999 

All  3 

SUPPLIER  C 

REF 

(2) 

65.8 

•  611 

0.300 

2.076 

B102 

SUPPLIER  C 

REF 

(21 

67.? 

0*003 

1.417 

o.ooc 

»10  5_ 

SUPPLIER  C 

RE_F 

(2) 

65.0 

c.coo 

l  •  498 

0.000 

BIOS 

SUPPLIER  C 

REF 

(2) 

65.  A 

L.3C3 

1.54’ 

O.Ol,  J 

Bill 

SUPPLIER  C 

REF 

12) 

87.  0 

i.3  33 

1.479 

3.CCC 

Bll  A 

SUPPLIER  C 

REF 

(2) 

85.5 

C.  300 

1.5  9? 

o.cco 

N3N-0ESIGNATED 

AREA 

F101 

SUPPLIER  C 

REF 

12) 

53.? 

.698 

C.liCt 

2.156 

F104 

SUPPLIER  C 

REF 

J2I _ 

M.) 

.876 

0.030 

2.171 

F107 

SUPPLIER  C 

REF 

12) 

38.  *> 

.864 

0.000 

2.316 

FllO 

SUPPLIER  C 

REF 

12) 

58.9 

.694 

c.oco 

2.217 

Fll  3 

SUPPLIER  C 

ref 

(2) 

63.7 

.624 

C.000 

2.14c 

F101 

SUPPLIER  C 

REF 

12) 

4?. 9 

0.003 

1.697 

O.CCO 

FlOA 

SUPPLIER  C 

REF 

(2) 

*3.9 

0 .  OOu 

1.679 

3.000 

F107 

SUPPLIER  C 

REF 

I  2) 

64. • 

0.303 

1.677 

3.  CCC 

FllO 

SUPPLIER  C 

R  Ec 

(2) 

65.6 

0.033 

1.639 

0.000 

F113 

SUPPLIER  c 

REF 

12) 

65,6 

C.  3w3 

1.611 

C  .  OCb 

supplier  n 

DESIGNATED 

A«EA 

I  3) 

A  201 

SUPPLIER  D 

REF 

63.3 

.595 

0.090 

2.021 

A20  A 

SUPPLIER  P 

REF 

13) 

67,? 

.601 

C.000 

2.G92 

A207 

SUPPLIER  P 

REF 

13) 

47.? 

,594 

0.000 

2.137 

A210 

SUPPLIER  D 

REe 

(3) 

69.1 

.577 

0.000 

2.100 

A21  3 

SUPPLIER  0 

REF 

(  3) 

62.9 

.447 

C  •  006 

2.273 

B202 

SUPPLIER  0 

REF 

(3) 

66.3 

0.033 

1.671 

9.003 

B205 

SUPPLIER  0 

REF 

I  3) 

69.3 

L.3D3 

1.601 

0.000 

.B208 

SUPPLIER  P 

REF 

(3) 

6T»  ? 

0.333 

1.648 

9.0C0 

B211 

SUPPLIER  0 

REF 

(3) 

67. « 

0.003 

1.633 

3.309 

B21A 

SUPPLIER  0 

REF 

13) 

47.3 

0.9'9U 

1.643 

3.013 

NJN-OE 5 I  GNAT  ED 

AREA 

F201 

SUPPLIER  0 

REF 

I  3) 

81.9 

•  6?0 

0.9C0 

2.013 

F204 

SUPPLIER  0 

REF 

1  3) 

87,? 

.583 

0.000 

I.P39 

F207 

SUPPLIER  D 

REF 

(  3) 

83.3 

.  606 

0.000 

2.0*4 

F210 

SUPPLIER  0 

REF 

t  3) 

64,9 

.615 

0,003 

2.000 

F213 

SUPPLIER  D 

REF 

<  3) 

49.4 

.593 

0.000 

1.971 

F201 

SUPPLIER  0 

REF 

(  3) 

68.3 

0.309 

1.624 

3. 033 

F20  A 

SUPPLIER  D 

REF 

(  3) 

87.3 

0.003 

1.633 

O.CCO 

F20  7 

SUPPLIER  D 

REF 

C  3) 

47.? 

0.300 

1.597 

0 .  C  i»  3 

_F?19_ 

SUPPLIER  D 

R£F 

I  3) 

66.9 

0.930 

1.620 

O.OiC 

F21 3 

SUPPLIER  0 

REF 

(  3) 

8?,  9 

0.303 

1.750 

o.coo 

NUM5P  R 

19 

20 

19 

A***,  P. 

.823 

1.811 

2.C96 

SUN  R 

11.771 

32.229 

39.637 

SUNSQ 

« 

7.316 

52.050 

8?  .923 

SDFM 

P 

•  0166 

«C78) 

.1139 

SDE  V 

R9AR 

.0393 

.0175 

.0261 

RED. 

RATIO 

•  605 

1.581 

2.C41 

TABLE  42.  YIELD  STRENGTH  RATIOS  FOR  A201-T7  CASTING 


“ — ■ 

K  SI 

RATIO 

\\ 

*  *. 

e/'D  *  1 

w 

£X5 

Hi 

Hi 

V  -v  ' 

TTS 

TTS 

TVS 

“ 

SUPPLIER  C 

6  i 

OE  S ICH4TE0 

4RE  4 

4104 

SUPPLIER  C 

REF  (21 

42.7 

1.041 

0.000 

1.707 

>ior 

SUPPLIER  C 

REF  (21 

62.4 

1.034 

C.900 

1.709 

■ 

Alio 

SUPPLIER  C 

REF  (21 

*1.1 

1.034 

0.000 

1.645 

A113 

SUPPLIER  C 

REF  (2) 

42.0 

1.023 

0.000 

1.715 

•  102 

SUPPLIER  C 

REF  12) 

42.4 

U.000 

1.436 

3.009 

■  100 

SUPPLIER  C 

REF  12) 

40,6 

u.000 

1.454 

3.000 

•ioa 

SUPPLIER  C 

REF  (2) 

42.4 

0.000 

1.444 

3.  COO 

K-; 

.  »101 

SUPPLIER  C 

REF  (2) 

62.4 

0.000 

1.420 

0.000 

v  . 1 

i "  * 

•  104 

SUPPLIER  C 

REF  (2) 

41.1 

0.000 

1.419 

3. GOO 

N0N-0ESJSN4TED 

AREA 

y\ 

F101 

SUPPLIER  C 

R£F  (2) 

81.4 

1.016 

0.000 

0.000 

v », 

F104 

SUPPLIER  C 

REF  (2) 

51.1  ... 

1.067 

0.000 

o.coo 

F10  7 

SUPPLIER  C 

REF  (2) 

51.1 

1,072 

0.000 

0.000 

F 11 0 

SUPPLIER  C 

REF  (2) 

40.7 

1.087 

0.000 

9.000 

i.  „ 

Fill 

SUPPLIER  C 

•EF  (2) 

«5.4 

1.029 

0.030 

0.009 

F101 

SUPPLIER  C 

REF  (2) 

84.5 

0.000 

1.533 

0.000 

*  .  t 

F104 

SUPPLIER  C 

REF  (2) 

58.1 

0.000 

1.51) 

0.000 

F10  7 

SUPPLIER  C 

REF  121 

48.1 

0.000 

1.518 

0.009 

• 

F110 

SUPPLIER  C 

REF  (2) 

50.4 

0.000 

1.480 

9.000 

Fill 

SUPPLIER  C 

REF  (2) 

58.8 

0.000 

1.485 

0.000 

F101 

SUPPLIER  C 

REF  (2) 

52.0 

0.000 

0.000 

1.868 

F104 

SUPPLIER  C 

REF  (2) 

51.0 

0.000 

0.090 

1.838 

k.  ■ 

F 107 

SUPPLIER  C 

REF  (2) 

51.? 

0.000 

0.000 

1.951 

F110 

SUPPLIER  C 

REF  (2) 

41. R 

0.000 

0.090 

1.990 

Fill 

SUPPLIER  C 

REF  (21 

54.5 

0.000 

0.000 

1.826 

1 

SUPPLIER  0 

OE S ICS4TE0 

AREA 

A201 

SUPPLIER  0 

REF  (3) 

61.4 

.978 

0.000 

0.000 

L*  i 

420  4 

SUPPLIER  0 

REF  (3) 

60.8 

1.044 

0,000 

9.000 

[ 

_  4207 

SUPPLIER  0 

REF  (3) 

60.8 

1.051 

0.000 

0.000 

r  ' 

4210 

SUPPLIER  0 

REF  (3) 

42. T 

1.024 

C.000 

0.000 

4213 

SUPPLIER  D 

REF  (31 

56.7 

1.121 

0.300 

0.009 

•  202 

SUPPLIER  D 

REF  (3) 

59.2 

0.000 

1.542 

0.000 

IV 

•  20 1 

SUPPLIER  0 

REF  (31 

61.2 

0.000 

1.504 

9.000 

•  208 

SUPPLIER  0 

REF  (3) 

60.* 

0.000 

1.5*1 

0.000 

Lm'" 

•  211 

SUPPLIER  0 

REF  (31 

40.4 

0.000 

1.553 

0.003 

•  214 

SUPPLIER  0 

RE*  (3) 

65.1 

0.000 

1.509 

0.000 

4201 

SUPPLIER  0 

REF  (3) 

61.4 

L.000 

C.000 

1.674 

4204 

SUPPLIER  0 

REe  (3) 

60.8 

0.000 

C.000 

1.872 

i  r  - 
■%  ; 

4207 

SUPPLIER  D 

REF  (3) 

60.8 

0.300 

0.300 

1.822 

4210 

SUPPLIER  P 

REF  (3) 

62.7 

v.033 

0.003 

1.864 

4213 

SUPPLIER  0 

REF  (3) 

44.  » 

0  •  00  wp 

C.C09 

2.(53 

f.V 

NJH-OE SICN4TE0 

AREA 

;.:I 

F201 

SUPPLIER  0 

REF  (3) 

61.7 

.999 

0.000 

0.00Q_ 

F204 

SUPPLIER  0 

REF  (3) 

61.2 

1.008 

0.090 

9.000 

_  _  F207 

SUPPLIER  0 

REF  (3) 

62.0 

1.329 

c.ooe 

0.000 

L’  ' 

F210 

SUPPLIER  0 

REF  (3) 

62.0 

1.011 

0.000 

0.000 

L  \‘  • 

F21J 

SUPPLIER  0 

REF  (3) 

61.4 

1.011 

c.cco 

O.OCO 

>.*  • 

F201 

SUPPLIER  D 

REF  (3) 

47.7 

0,000 

1.444 

0.000 

F204 

SUPPLIER  0 

.  REF  (3) 

60.7 

0.000 

1.529 

0.000 

,  § 

F207 

SUPPLIER  0 

REF  (3) 

60.8 

0.000 

1.481 

0.000 

F210 

SUPPLIER  0 

REF  (3) 

59.8 

0.000 

1.524 

0.000 

(**■ 

F211 

SUPPLIER  0 

REF  (3) 

59.7 

0.000 

1,509 

0.000 

F201 

SUPPLIER  0 

REF  (3) 

41.7 

0.000 

0.000 

1.705 

1 

F204 

SUPPLIER  0 

*EF  (3) 

61.4 

0.000 

0.300 

1.667 

F207 

SUPPLIER  0 

REF  (3) 

61.5 

0.000 

O.OOC 

1.707 

AV« 

F210 

SUPPLIER  0 

REF  ( 3) 

62.1 

0,000 

0.300 

1.659 

F213 

SUPPLIER  0 

REF  ( 3) 

41.7 

0.300 

O.OOC 

1.713 

L““. 

-  - 

NU1RE*  R 

19 

2C 

19 

p*'- 

4VG  • 

1.937 

1.497 

i.?e3 

hr" 

$'J«  R 

19.709 

29.9*8 

11.966 

SURSO 

R 

20.443 

4*. 579 

63.673 

T*  •* 

SOFT 

• 

.0129 

.0429 

.  11*1 

SOFT 

MAR 

.0376 

.  0C56 

•  C262 

r*  « 

r  v 

RED. 

RATIO 

1.024 

1.491 

1.736 

380 

TENSILE  YlilD  STRENGTH 


.-SHPIiiC*  • 


QUALIFIED  FOUNDRY  PROCESSES 


Magnesium  Alloy  Products  (A357-T6  Alloy): 

The  following  controls  and  procedures  wEere  sed  to  cast  the  step  plates 
for  program  evaluation  at  Magnesium  Alloy  Products: 

Chemistry  Control 

1.  Use  a  metal  charge  of  ingot  and  back  scrap  that  is  made  for  Magnesium 
Alloy  Products  limits  per  form  L-9  (8/76) 

2.  Pour  preliminary  chemical  samples  (prior  to  final  grain  refiner  ad¬ 
ditions)  to  check  chemistry  to  Magnesium  Alloy  Products  limits 

3.  Pour  a  final  chemical  sample  after  final  grain  refiner  additions  are 

made 

Gas  Control 

1.  Degass  melt  by  bubbling  pure  and  dry  nitrogen  (approximately  45  min¬ 
utes  for  300  lbs  melt) 

2.  Check  gas  content  of  melt  under  vacuum,  with  maximum  of  eight  bub¬ 
bles,  obtain  approval  prior  to  adding  final  grain  refiner 

Grain  Size 

Control  grain  size  by  adding  final  grain  refiner  of  0.2  percent  to  0.6 
percent  of  titanium  within  one  hour  of  pour-off 

Melt  Temperature 

1.  Control  temperature  during  processing  with  automatic  furnace  controls 

2.  Control  pour-off  temperature  to  within  +_  20F  of  the  specified  temper¬ 
ature:  1380F  for  a  stepped  panel  and  1240F  for  a  Kjc  block 

Molding  (Figure  El) 

1.  Use  conventional  green  molding  (oil  bonded  petro  bond  sand) 

2  Use  the  following  aluminum  chills: 


FIGURE  E-1.  RIGGING  AND  CHILLING  OF  STEP  PLATE  CASTING 
PRODUCED  BY  MAGNESIUM  ALLOY  PRODUCTS  CO. 


Mold 

Quantity 

Size  (Inch) 

rag  half 

1 

3  x  3-1/2  x  2-1/2 

2 

2  x  2  x  1-1/2 

1 

1-1/2  x  2  x  3/4 

Coupon  MA“ 

2  x  1-1/4  x  2 

Cope  half  3  Form  chills 

1  3  x  1-1/2  x  2-1/2 

Coupon  "A'*  1  x  1-1/4  x  1-1/2 

3.  Use  a  1  x  3/8  Inch,  Capered  sprue 

4.  Use  two  2-1/2  x  4-1/2  inch  fiberglass  screens 
3.  Use  a  flask  with  a  6-inch  cope  and  6-inch  drag. 


Welding 

1.  Accomplish  welding  per  Magnesium  Alloy  Products  weld  procedure,  as 
authorized 

Heat  Treatment 

1.  Apply  solution  heat  treatment  at  1010F  +  10F  for  a  minimum  of  12 

hours 

2.  Ensure  load  density  during  solution  heat  treatment  is  light,  castings 
are  spaced  apart,  and  temperature  rise  ot  quench  water  is  less  than  13F 

3.  Maintain  quench  temperature  by  using  room  temperature  water  at  60F  to 
80F  with  adequate  water  circulation,  for  a  period  of  less  than  8  seconds 

4.  Apply  precipitation  heat  treatment  at  330F  +  5F  for  5  to  7  hours  to 
achieve  a  yield  of  44  ,000  +  1 ,000  in  integral  coupons 

Teledyne  Cast  Products  (A357-T6  Alloy): 

The  following  control  procedures  were  developed  at  Teledyne  Cast  Products 
for  production  of  step  plates: 

Melting 

The  following  procedure  for  PQ  A357  alloy  is  used  in  conjunction  with  the 
Teledyne  Cast  Products  Standard  Practice  #6306: 

1.  Use  charge  consisting  of  100  percent  A357  ingot  in  gas-fired  furnace 
with  sili  con  crucible 

2.  Melt  down  metal  charge;  add  No,  11  coverall  as  metal  begins  to  melt 


Mr 


3.  Adjust  temperature  to  1300F;  keep  surface  covered  with  No.  11  cover¬ 
all  as  metal  Is  melting 

4.  Roll  melt  carefully  to  obtain  good  mix  action,  breaking  the  metal 
surface  as  little  as  possible 

5.  Pour  chemical  slug;  start  heating  titanium-boron  hardener  on  furnace 
setting  (1/2  lb  per  1.00  lb  of  melt) 

6.  Time  to  coincide  (within  one  hour)  with  the  completion  of  mold  assem¬ 
bly;  perform  the  following  steps  through  approval  of  melt 

7.  Adjust  metal  temperature  to  1350F;  skim 

8.  Add  alloy  ingredients  in  accordance  with  standard  practice  (do  not 
add  titanium-boron  hardener  unless  specified  by  laboratory  to  bring  titanium 
up  to  chemical  requirements) 

9.  Adjust  temperature  to  1380F;  degas  with  nitrogen  for  20  minutes;  take 
chemical  slug;  let  melt  settle  for  five  minutes;  set  temperature  for  1300F 

10.  Take  gas  analysis  sample  at  10  mm.  vacuum;  if  gassy,  repeat  step  9 

11.  If  gas  is  acceptable,  raise  melt  temperature  to  1350F  and  add  titan¬ 
ium-boron  hardener. 

12.  Preheat  ladles 

13.  Skim,  fill  ladle,  skim  ladle,  and  pour  at  1350F  +  20F. 

Chemistry 

A357  alloy  chemistry  after  degassing  (step  9  of  melt  procuedure,  above, 
is  as  follows: 

Iron  0.10  maximum 

Magnesium  0,55  to  0.590 

Beryllium  0.055  to  0.075  (optimum  0.065) 

Titanium  0,12  minimum 

Balance  to  meet  specification. 

Final  chemistry  is  the  same  as. listed  above. 

Molding  (Figure  E-2) 

Use  AFS  60  Nevada  molding  sand  hardened  with  1.1  percent  Pepset  binder 
(photographs  indicate  mold  assembly) 


83-01730-2 

FIGURE  E-2.  RIGGING  AND  CHILLING  PROCEDURE  OF  TEST  PLATES 
CAST  AT  TELEDYNE  CASTING  COMPANY 


Heat  Treatment 

1.  Apply  solution  heat  treatment  at  1010F  for  16  hours 

2.  Use  water  quench  procedure 

3.  Follow  step  2  with  a  24* hour  delay  at  room  temperature  and  a  6-hour 
age  treatment  at  340F  +  10F. 
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Smith ford  Products  Co.  (A201  Alloy) 


The  following  control  procedures  were  applied  to  produce  test  step  plates  at 
Smithford  Products: 

Melting 

The  melting  process  is  as  follows: 

1.  Accomplish  melting  in  a  10001b  gas-fired  furnace  with  a  silicon- 
carbide  crucible. 

2.  Use  a  charge  of  approximately  60  percent  ingot  and  40  percent  re¬ 
turns,  which  are  cleaned  and  from  which  all  metallic  screens  are  removed 

3.  Degas  the  melt  by  an  injection  of  nitrogen  and  chlorine  gas  until  a 
sample,  solidified  under  a  vacuum  of  2  to  4  incheB  of  mercury,  shows  no 
evidence  of  gas  when  sectioned  and  polished 

4.  After  completing  degassing,  adjust  the  melt  to  proper  composition  and 
checked  again  for  gas  content 

5.  Increase  temperature  raised  to  1390F  and  make  a  final  check  made  for 
composition;  add  grain  refiner  salt  (titanium-boron)  within  30  minutes  prior 
to  pour 

.  6,  If  composition  is  acceptable,  pour  melt. 

Materials  used  for  melt  addition  are  as  follows: 

1.  Copper  in  wire  form 

2.  Tital  6  percent  (titanium-aluminum) 

3.  Magnesium  in  stock  form 

4.  Silver  in  granule  form. 

5.  Manganese  (10  percent)  in  button  form 

6.  201  refining  salt  (Titanium-Boron) 

Melt  chemistry  is  adjusted  to  target  ranges  of  the  following: 


Content 

Percent 

1. 

Copper 

4.70  to  4.90 

2. 

Silver 

0.50  to  0.60 

3. 

Magnes ium 

0.30  to  0.35. 

The  balance  of  the  composition  is  controlled  to  specification  limits. 


The  castings  are  produced  In  a  match  pattern  in  dry  sand  molds  of  AFS  No.  70 
sand,  using  a  1,5  percent  "pepset"  binder.  The  rigging  and  chilling  system  is 
shown  in  Figure  £-3 

Solution  Heat  Treatment 

The  step  plates  are  located  in  a  basket  on  an  edge  approximately  one  inch 
apart.  The  following  procedure  was  used: 

1.  Apply  solution  heat  treatment,  using  a  gas-fired  furnace,  as  follows: 

o  1  hour  at  940F 
o  1  hour  at  960F 
o  12  hours  at  980F 

2.  Quenched  in  room  temperature  water  with  a  7-to-10  second  delay 

3.  After  an  age  delay  of  12  to  24  hours  artificially  age  at  370F  for  5 
hours. 

Morris  Bean  Foundry  (A201  Alloy) 

The  following  procedures  were  used  for  control  of  foundry  processing  of  step 
plate  castings  at  Morris  Bean  and  Company.  The  melting  practice  is  as  fol¬ 
lows  : 

Melting 

The  melting  practice  is  as  follows: 

1.  Use  an  A201  ingot  and  a  maximum  of  20  percent  clean  remelt  as  base 
charge 

2.  Control  magnesium  by  using  100  percent  magnesium  alloy 

3.  Add  copper  by  using  electrical  grade  copper  wire 

4.  Use  silver  in  ingot  form  to  maintain  specifications 

5.  Add  titanium  as  5  percent  titanium  -  1  percent  beryllium  hardener  in 
the  form  of  as  extruded  rod. 

The  melting  procedure  is  as  follows: 

1.  Melt  ingot  down 

2.  Heat  at  780C  to  790C 

3.  Degas  with  nitrogen  for  15  minutes  for  graphite  diffusion  head 

4.  Obtain  chemical  check  specimen 


5.  Adjust  chemical  composition  to  the  following: 


Content 

Percent 

Copper 

4.5  i 

to  5.0 

Silver 

0.5  i 

to  1.0 

Manganese 

0.2  i 

to  0.5 

Magnesium 

0.25 

to  0.35 

Titanium 

0.15 

to  0.30 

Iron 

0.05 

maximum 

Zinc 

0.10 

maximum 

Silicon 

0.10 

maximum 

Nitrogen 

0.05 

maximum 

Others 

0.05 

maximum 

Other  total 

0.15 

maximum 

6.  Degas  again  for  15  minutes 

7.  Obtain  chemical  check  specimen  again 

8.  Pour  gas  slab  for  gas  check 

9.  Add  5  percent  titanium  -  1  percent  beryllium  grain  refine  (0.002Z  Ti 
B  rod) 

10.  Wait  for  10  minutes  after  stirring 

11.  Pour  step  plates  at  760C  -  )70C. 

Melt  controls  are  as  follows: 

Gas  control: 

1.  Degas  with  Argon-Freon  gas  mixture  for  15  minutes;  complete  degassing 
using  argon  gas  in  electric  ladle 

2.  Pour  reduced  pressure  button  to  evaluate  gas  level 

3.  When  gas  level  is  satisfactory,  pour  x-ray  gas  slab  to  verify  melt  is 
gas  free  (slab  should  not  exceed  No.  1  gas  level;  when  gas  slab  is  acceptable, 
melt  is  ready  to  pour. 

Grain  Size 

1  Maintain  grain  size  by  refining  with  KBI  A201  salt  flux  prior  to  pour¬ 
ing  (flux  addition  is  1/4  percent  of  melt  weight) 


Solution  Heat  Treatment 

1.  Apply  solution  heat  treatment  as  follows: 

Temperature,  °F  Time,  Hours 

920  2 

940  2 

960  2 

_  980  +  10  18 

2.  Quenched  castings  by  hand  removing  from  furnace  on  a  wire  quenching 
in  room  temperature  water  (quench  time  is  ^-10  seconds) 

3.  Age  delay  at  room  temperature  for  a  minimum  of  12  hours 

4.  Age  plates  at  370F  +  5F  for  4  to  5  hours. 

Molding  Procedure 

All  castings  were  poured  in  dry  sand  cheek  molds  which  used  a  Pepset  binder. 
The  mold  assembly  is  shown  in  Figure  E-4. 
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I.  PURPOSE 

To  generate  constant-load-amplitude  fatigue  crack  growth  data  for  cast 
aluminum  A357-T6. 

II.  BACKGROUND 

A357  is  a  heat-treatable,  aluminum-silicon-magnesium  casting  alloy  which 
has  moderate  mechanical  properties  in  the  -T6  condition.  Although  many 
aerospace  components  have  been  cast  with  A357,  the  alloy  still  lacks  a 
comprehensive  statistically  analyzed  data  base.  Without  this  data,  which 
includes  damage  tolerance  critical  data,  A357  is  generally  specified  for  non- 
flight-critical  structures  and  components.  Both  the  aerospace  industry  and 
the  Air  Force  realize  that  eliminating  this  data  void  will  lead  to  greater  use 
of  A357  castings  and  substantial  cost  savings. 

As  a  major  step  in  developing  such  data,  the  Northrop  Corporation,  under 
Air  Force  contract,  is  generating  supplementary  MIL-HDBK-5  data  for  casting 
alloys  A357  and  A201.  A  part  of  this  program  involves  obtaining  A357  test 
plate  castings  from  several  sources,  expanding  the  existing  data  base,  and 
eventually  deriving  design  allowables.  To  assist  this  effort,  the  Systems 
Support  Division  (AFWAL/MLSE)  agreed  to  conduct  fatigue  crack  growth  testing 
of  A357  in  exchange  for  A357  step  plates.  These  step  plates  will  be  part  of  a 
future  in-house  program  to  characterize  A357  at  elevated  temperature.  This 
report  describes  the  fatigue  crack  growth  testing  performed,  and  the  results 
obtained  for  A357  at  room  temperature. 


III.  MATERIALS  AND  SPECIMENS 


Twelve  A357-T6  fatigue  crack  growth  specimens  were  supplied  to  Systems 
Support  Division  by  Northrop.  The  specimens  tested  were  standard  compact-type 
(CT)  specimens,  measuring  0.375  inches  thick  (B)  and  2.000  inches  wide  (W). 

Alloy  chemistry  was  within  the  following  limits  for  nine  of  the  twelve 
specimens: 


Si  1  icon 

6.5  -  7.5% 

Magnesium 

0.55  -  0.65% 

Iron 

0.20%  max 

Titanium 

0.10  -  0.20% 

Beryll ium 

0.04  -  0.07% 

Zinc 

0.10%  max 

Copper 

0.20%  max 

Manganese 

0.10%  max 

Aluminum 

Balance 

Table  I  lists  information  about  each  specimen.  Specimen  89CG1  LowSi  was 
tested  before  the  silicon  deficiency  in  three  of  the  specimens  was  discovered. 

IV.  TEST  PROCEDURES 

Tests  were  conducted  in  accordance  with  ASTM  E647,  "Standard  Test  Method 
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for  Constant -Load-Ampl itude  Fatigue  Crack  Growth  Rates  Above  10  m/ cycle." 

Specimens  were  precracked  and  tested  on  a  2.2  kip  electrohydraul ic  axial 
fatigue  machine.  Crack  length  was  measured  with  a  Fractomat  electronic  crack 
length  reading  system.  Electronic  measurements  were  verified  with  a  traveling 
microscope. 

An  R  ratio  of  0.1  was  applied  sinusoidally  at  25  Hz  for  three  specimens, 
and  30  Hz  for  nine  specimens. 

All  tests  were  conducted  at  room  temperature  in  lab  air. 

V.  TEST  RESULTS  AND  DISCUSSION 

The  fatigue  crack  growth  results  for  each  test  were  plotted  in 
Figures  1-10.  For  ease  of  comparison,  Figures  11-14  were  also  generated. 

Of  the  six  specimens  from  Magnesium  Alloy  Products  Co.  tested, two  (36CG1, 
251/4-31)  deviated  considerably  from  the  other  four  at  low  AKs.  At 
approximately  11  KSI  /Tn  and  above,  all  of  the  Magnesium  Alloy  Co.  plots 
assume  the  same  form  and  exhibit  little  scatter  (Figure  11  -  12). 

The  Teledyne  specimen  plots  revealed  greater  scatter  as  shown  in 
Figure  13.  At  lowAKs  specimen  8SCG1  had  the  least  crack  growth  resistance 
while  specimen  97CG1  had  the  most  crack  growth  resistance.  The  low  silicon 
specimen  plot  (Figure  10)  was  in  line  with  the  other  Teledyne  plots. 
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TABLE  Ir  Specimen  data 


SPECIMEN 

MANUFACTURER 

COMMENT 

15CG1 

Magnesium  Alloy 

MT  1/ 

36CG1 

Magnesium  Alloy 

MT 

37CG1 

Magnesium  Alloy 

MT 

80CG1  LowSi 

Teledyne 

Low  Si ,  NT  2/ 

89CG1  LowSi 

Teledyne 

Low  Si ,  ET  7/ 

97CG1  LowSi 

Teledyne 

Low  Si ,  NT 

244/2-19 

Magnesium  Alloy 

ET 

250/4-24 

Magnesium  Alloy 

ET 

251/4-31 

Magnesium  Allpy 

ET 

89CG1 

Teledyne 

Replaced  80CG1  LowSi,  ET 

93CG1 

Teledyne 

Replaced  89CG1  LowSi,  ET 

97CG1 

Teledyne 

Replaced  97CG1  LowSi,  ET 

_ _ 

1/  MT  =  Manual  Test 
7/  NT  =  No  Test 
7/  ET  -  Electronic  Test 
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Figure  1.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  15CG1. 

403 


crack  growth  ratp,  da/dnf  [in. 


A357  Sp.oim «n  36CG1 


~*7 
10  ' 


R-  0.  10 

Tamp*1  72.  0  Deg. 
freq.  *=  25.  0  Hz 
Teat  environment 
Lab  air 


stress  intensity  range,  delta  K,  CKSI  eqrtCin.  ) 3 

Figure  2.  Fatigue  crack  growth  plot  of  A3B7-T6  Specimen  36 CGI . 
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Figure  4.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  89CG1. 
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Figure  5.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  S3CG1. 
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Figure  6.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  97CG1 
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Figure  7.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  244/2-19. 
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Figure  Sf.  Fatigue  crack  growth  plot  of  A357-T6  Specimen  251/4-31. 
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Figure  10.  Specimen  89CG1  Low  Si  fatigue  crack  growth  plot. 
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Figure  11,  Combined  plot  specimens  from  Magnesium  Alloy  Co, 
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Figure  12.  Combined  plot  specimens  from  Magnesium  Alloy  Co. 
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Figure  13.  Combined  plot  of  Teledyne  specimens. 
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4.  Comparison  data  plot. 
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I.  PURPOSE: 

To  generate  consianl-ioau-*tuiplitude  fatigue 
aluminum  A201-T7. 


V  r*  Vrtt  '1 O  for  r?Kt 


II.  BACKGROUND: 

A20I  is  a  heat-treatable,  aluminum-copper-silver  casting  alloy  which 
possesses  relatively  high  strength  mechanical  properties  in  the  -T7  condition. 
Although  A201  has  been  cast  for  several  years  in  various  configurations  it 
still  lacks  a  comprehensive  statistically  analyzed  data  base.  Without  this 
data,  which  includes  damage  tolerance  critical  data,  <1201  is  generally  spec¬ 
ified  only  for  structural  and  component  applications  that  are  not  flight- 
critical.  Both  the  aerospace  industry  ar.d  the  Air  Force  are  interested  in  the 
cost  savings  that  can  bo  realized  through  the  widt  r  use  of  castings  and  are 
working  towards  eliminating  the  data  void. 

A3  a  major  step  in  developing  such  data  the  Northrop  Corporation  under 
Air  Force  contract,  is  generating  supplementary  M1L-HDBR-5  data  for  cast  A201 
and  A357.  A  prrt  of  this  program  involves  obtaining  A201  castings  from 
several  sources,  expanding  the  existing  data  base  and  eventually  deriving 
design  allowables.  To  augment  this  effort  the  Systems  Support  Division 
(AFKAl/MLSE)  agreed  to  conduct  fatigue  crack  growth  testing  of  A201  in 
exchange  for  A201  step  plates.  Additional  in-house  work,  is  also  planned  to 
obtain  elevated  temperature  data.  This  report  describes,  the  fatigue  crack 
growth  testing  performed  and  the  results  obtained  for  A201. 


III.  SPECIMENS: 


Six  A201-T7  fatigue  crack  growth  specimens  were  supplied  to  the  Systems 
Support  Division  by  Northrop.  The  specimens  were  standard  compact-type  (CT) 
specimens.  0.368  inches  thick  (B)  and  2.000  inches  vide  (W) . 

Alloy  chemistry  was  within  the  following  limits: 

Copper  4.5  -  5.0  percent 

Silver  0.5  -  1.0  percent 

Manganese  0.20  -  0.50  percent 

Magnesium  0.25  -  0.35  percent 

Titanium  0.15  -  0.30-  percent 

Iron  0.05  percent  max 

Silicon  0.10  percent  max 

Aluminum  Balance 

Ultimate  strength,  yield  strength  and  fracture  toughness  values  were 
estimated  as  60  ksi,  55  ksi,  and  30-33  ksi-  f inch  respectively. 

IV.  TEST  PROCEDURES: 

Tests  were  conducted  in  accordance  with  ASTM  standard  E  647,  "Standard 
Method  for  Constant-Load-Araplitude  Fatigue  Crack  Growth  Rates  Above 

10  cycle." 

npc.cir.5tif  were  pTenr;‘'~kp.d  «rd  tested  on  a  25  kip  elcctrolydraulic  fatigue 
machine.  Crack  leDgth  was  measured  optically  using  a  traveling  microscope. 

An  K  ratio  of  0.1  was  applied  siuusoldally  at  25  Hz. 

All  tests  were  conducted  at  room  temperature  in  lab  air. 

V.  RESULTS  AND  DISCUSSION: 

Of  the  six  specimens,  one  specimen  failed  during  test  set  up.  The  other 
five  specimens  were  tested  without  incident. 

Using  a  seven  point  polynominal  method,  a  desk  top  computer  calculated 
and  plotted  the  fatigue  crack  growth  data  in  Figures  1-6.  Figure  1  was 
constructed  to  show  the  combined  data  set.  A  comparison  of  the  data  in  Figure 
1  with  similar  data  from  MIL-HDBK-5D  on  2124-T851  wrought  plate  2  Inch  -  5 

— -S 

inch  thick  (specified  65  ksi  ult)  indicates  that  within  the  10  to  10 
inch/cycle  range,  both  materials  have  similar  crack  growth  rates.  During 
testing  it  was  noted  that  the  fatigue  crack  followed  a  tortuous  route  and 
branched  regularly.  This  contributes  , to  the  fatigue  crack  resistance  of  A201. 


VI.  CONCLUSIONS: 


The  data  vaa  submitted  to  Northrop  Aircraft  to  augment  and  be  Included  in 
their  own  A201  data  development  program.  There  was  nothing  in  the  AFWAL  data 
that  indicated  any  unusual  concern  with  the  crack  growth  characteriatica  of 
thla  cast  alloy,  and  in  fact  it  appeared  competitive  (from  a  crack  growth 
standpoint)  with  commonly  used  wrought  products. 
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23  May  1984 


Ms.  Meg  Steigerwald 
SP.E  Aerospace  AMS  Coordinator 
400  Commonwealth  Drive 
WarrendaJe,  PA  15096 

Subject:  THREE  NEW  PROPOSED  AMS  ALUMINUM  CASTING  SPECIFICATIONS 
Dear  Ms,  Steigerwald: 

The  attached  proposed  specifications  are  submitted  for  your 
consideration  as  AMS  specifications.  The  proposed  specifica¬ 
tions  and  the  AMS  draft  numbers  acquired  from  you  are  as 
follows ; 

AMS  Draft  40GC  Aluminum  Alloy  Castings,  Sand  Composite 

Structural  Aircraft  Quality 
7 . OSi  -  0, 60Mg  (A357-T6) 

Solution  and  Precipitation  Heat  Treated 

AMS  Draft  40GD  Aluminum  Alloy  Castings,  Sand  Composite 

Structural  Aircraft  Quality 
4.7Cu  -  0 . 7 5Ag  -  0,35Mn  -  0.30Mg  -0.22Ti 
(A201.0  -  T?) 

Solution  Treated  and  Overaged 

AMS  Draft  40GE  Determination  and  Acceptance  of  Dendrite 

Arm  Spacing  in  Aluminum  Castings 

These  specifications  have  been  reviewed  and  approved  by  an 
Ad  Hoc  casting  group  of  the  MIL-HDBK-5  Committee  which  con¬ 
sisted  of  aircraft  industry  materials  engineers,  foundry 
industry  metallurgical  engineers,  and  chaired  by  Mr,  Paul  E. 

Ruff  of  Battelle  {and  also  a  member  of  AMD), 

A  need  was  recognized  by  the  Air  Force  for  cast  structures  in 
aircraft  that  exhibit  optimum  properties  and  reliability. 

Such  castings  offer  significant  cost  savings  if  specifications 
are  available  which  will  provide  the  necessary  casting  integrity 
permitting  the  elimination  of  casting  factors  in  design.  The 
proposed  quality  assurance  provisions  of  these  specifications 
are  unique  in  the  metals  industry.  Anticipated  users  of  these 
materials  are  all  the  airframe  manufacturers.  The  airframe 
manufacturers  who  were  represented  in  the  Ad  Hoc  Review  Group 
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supporting  the  need  and  issuance  of  AMS  coverage  included 
McDonnell  Douglas-Long  Beach,  General  Dynamica-Forth  Worth, 
Lockheed-Burbank,  and  Northrop.  A  final  report  which  docu¬ 
ments  the  four-year  effort  to  develop  these  specifications, 
including  the  statistical  developed  property  requirements, 
is  scheduled  to  be  released  later  this  year  by  the  Air  Force. 

It  is  recognized  that  there  are  existing  AMS  specifications 
for  A357-T6  and  A201-T7  cast  materials.  However  the  proposed 
specifications,  which  contain  more  stringent  controls,  were 
developed  specifically  for  aircraft  structural  applications. 

For  this  reason,  it  was  not  recommended  to  modify  or  replace 
the  existing  specifications. 

I  offer  to  sponsor  these  specifications  through  the  circula¬ 
tion  and  approval  procedure,  Mr.  Jean  G.  Louvier,  Chairman 
of  Commodity  D  (Non-Ferrous  Alloys)  of  AMD  and  an  associate 
of  mine  at  Northrop,  has  offered  to  assist  me  in  this  effort. 

It  is  hoped  that  these  specifications  can  be  circulated  for 
review  and  comment  in  time  to  be  on  the  agenda  of  the 
October  8  AMD  meeting  in  Portland,  Maine. 

If  there  are  any  questions  regarding  this  matter,  please  contact 
the  undersigned. 

NORTHROP  CORPORATION 
Aircraft  Division 

Kery (i/t  J.  Oswalt 
Metallic  Materials  and 
Processes  Applications 
Dept.  3882/62 

Telephone:  (213)  970-4963 

Attachments:  (3) 


P.S. 


To  clarify  the  need  and  use  of  these  proposed 
specifications,  it  is  requested  that  this  letter 
be  distributed  along  with  the  specifications. 
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.ALUMINUM  ALLOT  CASTINGS,  SAND  COMPOSITE 
7. ©Si  -  O.tOHg  (A357.0  -  'ft) 

Solution  and  Precipitation  Scat  Treated 
Structural  Aircraft  Quality 


1.1  Tone :  This  specif Icatlon  covert  Bn  aluminum  alloy  is  tbe  font  of  Band 
"composite  molded  canting*. 

1.2  Application:  Primarily  for  structural  aircraft  components. 

1.3  Prcproductlon  Qualification:  Uh  foundry  mupplying  castings  to  this 
ape cifl cation  must  have  the  praproduetion  approval  of  the 'purchaser '  in 
accordance  tritb  4.4/ 

2.  APPLICABLE  DOCUMENTS:  The  following  publications  fora  a  part  of  this 
•peclf l cation  to  tbe  extent  apecli lad  herein.  The  .latest  of  Aerospace 
Material  Specifications  (AMS)  shall  apply.  'The  applicable  Issue  of  other 
documents  shall  he  as  specified  in  AMS  2350. 

2.1  BAE  Publications:  Available  froa  Society  of  Autoaotlve  Engineers,  Inc., 
*00  Couiao  owe  alt  h  Drive ,  Varrendale,  PA  15096. 

2.1.1  Aerospace  Material  Specifications: 

AMS  2350  -  Standards  and  Test  Methods 

AMS  2360  -  Noon  Temperature  Tensile  Properties  of  Castings 
AMS  2804  -  Identification  Castings 

AMS  IJXX  -  Determination  of  Dendrite  Are  Spaclngs  in  Aluminum  Castings 
AMS  2694  -  Repair  Welding  of  Aerospace  Castings 

2.2  ASTM  Publications:  Available  froa  American  Society  for  Testing  end 
Materials ,1916  Race  Street,  Philadelphia,  PA  19103. 

ASTM  B557  -  Tension  Testing  of  Wrought  and  Cast  Aluminum  and  Magnesium 
Alloy  Products 

ASTM  E1B  -  Test  fot  Rockwell  Hardness  and  Rockwell  Superficial  Hardness 
Metallic  Materials 

ASTM  E34  -  Chemical  Analysis  of  Aluminum  and  Aluminum  Alloys 

ASTM  E155  -  Reference  Radiographs  fot  Inspection  of  Aluminum  and  Magnesium 
Castings,  Series  III 

2.3  Government  Publications:  Available  from  Commanding  Officer,  Naval  Publi¬ 
cations  and  Forms  Center,  5801  Tabor  Avenue,  Philadelphia,  PA  19120. 

2.3.1  Federal  Standards: 


Ms.  Meg  Stelgerwald 
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Northr.op  Corporation 
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TCOPE 


Federal  Test  Method  Standard  No.  151  -  Metals;  Test  Methods 
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2.3.2  Millta! 


self lest  Ions: 


M2L-H-6088  -  Heat  Treatment  of  Aluultmm  Alloys 
IOL-1-6B66  -  Inspection,  Penet!  ant  Method  of 
M1L-I-25135  “  Inspection  Materials,  Penetrant 


2.3.3  Military  Standards: 


MIL- STD-4 10  -  Ouillf ication  of  Inspection  Personnel 

KIL-STD-649  -  Aluminum  and  Magnesium  Products,  Preparation  for  Shipment 
and  Storage 


KIL-STD-00453  -  Military  Standard  Inspection,  tadiographic 
2.3.4  Industry  Standards: 


NAS  823  Cast  Surface  Comparison  Standard 


3.  TECHNICAL  REQUIREMENTS 

3.1  Composition;  Shall  conform  to  the  following  percentages  by  weight,  deter¬ 
mined  by  wet  chemical  methods  in  accordance  with  ASTM  E34,  by  spectrographlc 
methods  In  accordance  with  Federal  Teal  Method  Standard  No.  151,  Method 
112,  or  by  other  approved  analytical  s&thoda: 

Tolerance  for 

Foundry  Melt  Casting 

Analysis  Analysis 


Silicon 

min. 

6.5 

max. 

7.5 

Below 

»ln. 

0.5 

Above 

max. 

0.5 

Magnesium 

0.55 

0.65 

0.05 

0.05 

Titanium 

0.10 

0.20 

- 

Beryllium 

0.04 

0.07 

- 

- 

Iron 

- 

0.20 

- 

- 

Manganese 

- 

0.35 

- 

- 

Other  Impurities, 

each 

4m 

0.05 

mm 

- 

Other  Impurities, 

total 

- 

0.15 

- 

- 

Aluminum 

remainder 

remainder 

3.2  Condition :  Solution  ard  precipitation  heat  treated. 

3*3  Casting:  Castings  shall  be  produced  from  metal  conforming  to  3.1.  The 

chemical  sample  taken  from  the  molten  bath  of  the  melt  shall  conform  to  the 
foundry  melt  analysis  requirements.  The  casting  analysis  tolerance  requlre- 
ments  shall  apply  only  to  samples  taken  from  a  casting. 

3.3.1  A  melt  shall  be  a  single  homogenous  batch  of  molten  metal  to  which  all 
processing  has  been  completed  and  the  temperature  has  been  adjusted  ready 
for  pouring  castings. 

3.3.2  A  lot  of  castings  shall  be  all  castings  poured  from  s  single  melt  in  not 
more  than  eight  consecutive  hours  and  solution  and  precipitation  heat 
treated  In  the  same  heat  treatment  batch. 
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3,3.3  Each  casting  shall  be  Identified  by  a  individual  serial  umber  to  relate 
processing  of  the  part  with  the  Inspection  results  for  traceability. 

3.4  Chemical  Analysis  Specimens;  Shall  be  cast  from  each  melt. 

3.5  integrally  Attached  Coupons;  A  minimum  of  two  coupons  shall  be  integrally 
attached  to  each  casting.  These  coupons  ehall  be  used  for  tensile  property 
determination  specified  in  3. 7. 1.1  end  wlcrostructure  evaluation  apecifled 

i  in  3.8.3.  Others  may  be  added  for  retest  and  foundry  purposes  at  the  option 
of  the  foundry. 

3.5.1  Location  and  site  of  the  integrally  attached  coupons  are  optional  with 
the  following  exceptions: 

3.5. 1.1  The  coupons  must  be  flat  and  at  least  large  enough  to  permit  excision  of 
a  sub-size  round  tensile  specimen  of  0.250  inch  diameter  per  ASTM  B557 
with  a  minimum  gage  length  of  one  inch. 

3.5. 1.2  The  coupons  must  be  located  in  such  a  manner  to  avoid  any  Interference 
with  Inspection  tooling. 

3.5.2  The  two  coupons  shall  be  produced  in  such  a  manner  to  develop  a  relative 
fine  microstructure  in  one  coupon  compared  to  the  other  coupon  which 
shall  be  produced  with  a  relative  coarae  microstructure.  A  minimum  size 
difference  of  0.0010  inch  In  the  average  dendrite  arm  spacing  (DAS)  is 
desired. 

3.5.3  The  radiographic  quality  of  the  coupons  shall  meet  the  requirements  for 
designated  areas  of  Table  1. 

3.5.4  The  removal  and  testing  of  Integrally  attached  coupons  for  casting 
acceptance  shall  be  performed  by  a  testing  facility  which  has  been 
approved  by  the  purchaser. 

3.6  Heat  Treatment:  Castings  and  integrally  attached  test  coupons  shall 

be  solution  and  precipitation  heat  treated  in  accordance  with  MIL-R-6088 
except  as  otherwise  apecifled  herein. 

3.6.1  The  solution  heat  treat  temperature  shall  be  1000  to  1020F  (538-549C). 

3.6.2  The  quenching  and  aging  procedure  shall  be  established  to  develop  the 
required  casting  properties. 

3.7  Properties:  Castings  and  integrally  attached  chilled  test  coupon  shall 
conform  to  the  following  requirements: 

3.7.1  Tensile  Properties:  Shall  be  as  follows,  determined  in  accordance  with 
ASTM  B557  and  shall  be  used  as  basis  for  acceptance  of  castings. 

3 .7. 1.1  Integrally  Attached  Chilled  Test  Coupon:  For  heat  treat  control,  the 
following  tensile  properties  shall  be  exhibited: 

Tensile  Strength,  min.  52  ksi 

Yield  Strength  at  0.2Z  Offset,  Range  42  to  47  ksi 

3. 7. 1.2  Specimens  Cut  from  Castings:  Tensile  properties  of  specimens  cut  from 
the  casting  shall  be  as  follows: 
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Tensile  Strength,  min.  50,000  psl 

Yield  Strength  at  0.22  Offset,  min.  40,000  psl 

Elongation,  min.  32 

3. 7. 1.2. 2  Casting  areas  other  than  designated  areas; 

;  Tensile  Strength,  min.  45,000  pel 

Yield  Strength  at  0.22  Offset,  min.  36,000  psl 
Elongation,  min.  22 

3. 7. 1.2. 3  When  properties  other  than  those  of  3. 7. 1.2.1  or  3. 7. 1.2. 2  are  re¬ 
quired,  tensile  test  specimens  taken  from  locations  Indicated  on  the 
drawing,  from  a  casting  chosen  at  random  to  represent  the  lot, 

shall  have  the  properties  indicated  on  the  drawing  for  such  specimens. 
Property  requirements  may  be  designated  in  accordance  with  AMS  2360. 

3.7. 1.2.4  Excised  specimens  shall  be  aubsize  and  proportional  to  the  standard 
round  or  sheet  type  specimens  defined  In  ASTM  B557. 

3.8.2  Hardness  of  Castings:  Castings,  should  have  hardness  of  HKE  90  minimum 
determined  in  accordance  with  ASTM  E18,  but  castings  shall  not  be  rejected 
only  on  the  basis  of  hardness. 

3.8.3  Microstructure:  The  surface  mlcrostructure  shall  be  evaluated  as  an  added 
means  of  quality  assurance  only.  Castings  which  exhibit  an  unacceptable 
mlcrostructure,  shall  be  held  for  disposition  by  the  cognisant  engineering 
procurement  personnel. 

3.8.3. 1  The  mlcrostructure  of  the  casting  surface  In  the  designated  areas  of  the 
casting  shall  not  exceed  the  maximum  size  coarseness  determined  In 
accordance  with  specification  AMS-XXXX. 

3.9  Quality 

3.9.1  Castings  as  received  by  purchaser,  shall  be  uniform  in  quality  and  con¬ 
dition,  sound,  snd  free  from  foreign  materials  and  from  Internal  and 
external  Imperfections  detrimental  to  usage  of  the  castings. 

3.9. 1.1  Castings  shall  have  a  surface  finish  In  accordance  with  the  engineering 
drawing  and  NAS  823  and  shall  be  well  cleaned. 


ft 


ft 


3.9.2  Castings  shall  be  produced  under  foundry  control.  This  control  shall 
consist  of  pre-production  examination  of  castings  until  proper  foundry 
technique  and  controls  are  established  which  will  produce  castings  that 
will  meet  the  drawing  quality  and  dimensional  requirements. 

3.9.3  Radiographic  Inspection  shall  be  performed  in  accordance  with  MIL-STD- 
00453.  In  addition,  Type  1  radiographic  fils  shall  be  used,  and  a 
maximum  unsharpness  value  of  0.003  inch  (0.08  mm)  and  flaw  sensativity 
of  12  shall  be  maintained.  ASTM  E155  shall  be  used  to  define  radio- 
graphic  acceptance  standards  in  accordance  with  Table  1. 

3.9.4  Castings  shall  be  subjected  to  fluorescent  penetrant  inspection  in 
accordance  with  MIL- 1-6866. 
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3.9.4. 1  The  fluorescent  penetrant  ■hell  have  a  sensitivity  level  equivalent  to 
group  V  of  MIL- 1-25 135. 

3. 9. 4. 2  Personnel  conducting  the  testing  shall  be  qualified  and  certified  in 
accordance  with  the  requirements  of  MIL-STD-410. 

3. 9. 4. 3  Linear  indications,  cold  shuts,  cracks,  and  seams  are  cause  for 
rejection. 

3. 9. 4. 4  Surface  porosity  is  cause  for  rejection  if  the  individual  pores  are 
closer  than  twice  their  maximum  dimension  to  an  edge  or  extremity  of 
the  casting  or  the  pores  form  a  linear  indication,  l.e.,  three  or 
more  are  in  a  line  and  the  distance  between  each  Indication  is  less 
than  twice  the  maximum  dimension  of  either  adjacent  indication. 

3. 9. 4. 5  Any  individual  Indication  which  is  three  times  longer  than  it  is 
wide  ahall  be  considered  a  linear  indication  and  ahall  be  cause  for 
rejection. 

3.9.5  Castings  shall  not  be  repaired  by  peenlng,  plugging,  welding,  or  other 
methods,  except  as  defined  in  3. 9. 5.1. 

3.9.5. 1  Defects  in  non-crltlcal  areas  of  the  casting  may  be  removed  and  the 
castings  repaired  by  welding  in  accordance  with  AMS  2694  and  using  A357 
alloy  filler  metal.  Repair  welding  shall  be  performed  prior  to  any  heat 
treatment  and  final  nondestructive  testing  specified  herein. 

3.10  Marking 

3.10.1  Each  casting  ahall  be  identified  by  legible  raised  figures  with  part 
number,  foundry  identification,  and  serial  number  in  the  area  indicated 
on  the  engineering  drawing.  The  aerial  number  shall  be  used  only  once 
to  provide  traceability  to  the  processing  of  a  particular  part. 

3.10.2  Each  casting  accepted  by  radiographic  inspection  ahall  be  ink  stamped  in 
accordance  with  MIL-STD-00453. 

3.10.3  Each  casting  accepted  by  penetrant  Inspection  shall  be  ink  stamped  In 
accordance  with  MIL- 1-6866. 

3.10.4  Integrally  attached  test  coupons  or  prolongations  shall  be  identified  by 
a  vlbroetched  aerial  number  corresponding  with  the  casting  serial  number. 

3.10.5  Castings  and  the  accompanying  reports  shall  identify  the  heat  treatment 
and  melt  analysis  of  each  casting  through  the  serial  number. 

3.10.6  When  impregnation  is  specified  or  permitted  by  purchaser,  castings  shall  be 
marked  IMP. 
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4.  QDALITY  ASSURANCE  PROVISIONS: 

4.1  Responsibility  for  Inspection:  The  vendor  of  castings  shall  be  responsible 
for  coordinating  all  acceptance  testing  of  production  castings  at  the  pur¬ 
chaser's  approved  facilities.  The  tensile  testing  of  specimens  excised 
periodically  froe  castings  and  HAS  determinations  when  required  shall  be 
performed  at  an  approved  testing  facility  that  is  independent  of  the  foundry. 
Results  of  such  test  shall  be  reported  to  the  purchaser  as  required  by  4.5. 

.  Purchaser  reserves  the  right  to  perform  such  confirmatory  testing  as  he 
deems  necessary  to  ensure  that  the  castings  conform  to  the  requirements  of 
this  specification. 

4.2  Classification  of  Tests: 

4.2.1  Acceptance  Tests:  Tests  to  determine  conformance  to  requirements  for 
composition  (3.1),  tensile  properties  of  integrally  attached  test  coupons 
(3. 7. 1.1),  tensile  properties  of  specimens  cut  from  castings  (3. 7. 1.2)  and 
quality  (3.9)  are  classified  as  acceptance  testa  and  shall  be  performed  on 
each  casting,  melt,  or  lot  as  applicable. 

4.2.2  Periodic  Tests;  Tests  to  determine  conformance  to  requirements  for  hard- 
ness  (3.8.2)  and  microstructure  (3.8.3),  are  classified  as  periodic  tests 
and  shall  be  performed  at  a  frequency  selected  by  the  vendor  unless  frequency 
of  testing  Is  specified  by  purchaser, 

4.2.3  Preproduction  Tests:  Tests  to  determine  conformance  to  all  technical 
requirements  of  this  specification  are  classified  as  preproduction 
tests  and  shall  be  performed  on  the  first-article  shipment  of  castings 
to  a  purchaser,  when  a  change  In  material  or  processing  requires  re¬ 
approval,  as  in  4.4,  and  when  purchaser  deems  confirmatory  testing  is 
required. 

4. 2. 3.1  For  direct  D.S.  Military  procurement,  substantiating  teat  data  and, 
when  requested,  preproduction  test  material  shall  be  submitted  to  the 
cognizant  agency  as  directed  by  the  procuring  activity,  the  contract¬ 
ing  officer,  or  the  request  for  procurement. 

4.3  Sampling:  Shall  be  In  accordance  with  the  following: 

4.3.1  One  chemical  analysis  from  each  melt  or  one  chemical  analysis  from  each 
of  two  castings  in  each  lot. 

4.3.2  Each  casting  shall  be  radiographically  and  fluorescent  penetrant  inspected. 

4.3.3  When  required,  specific  teat  site'-  on  the  casting  and  frequency  of  evalua¬ 
ting  castings  for  surface  mlcroStructure  shall  be  defined  by  the  purchaser 
at  the  time  of  preproduction  approval. 

4. 3. 4.1  First  30  Castings  Received:  One  casting  of  each  10  shall  be  selected 
for  destructive  testing. 

4. 3. 4. 2  Castings  Received  Thereafter:  If  no  failure  occurs  in  4. 3. 4.1,  one 
casting  In  each  25  consectively  received  there  after  shall  be  tested. 

If  a  failure  occurs,  the  test  frequency  reverts  to  one  in  each  10  for 
the  next  30  castings  received. 
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4. 3, 4. 3  The  tensile  properties  of  an  integrally  attached  test  coupon  from  each 
casting  shall  be  determined,  Removal  of  the  attached  coupon  shall  only 
be  performed  by  an  approved  test  facility  that  is  Independent  of  the 
foundry. 

4.4  Preproduction  Approval: 

4.4.1  Sample  castings  from  new  or  reworked  patterns  shall  be  approved  by 
^  purchaser  before  production  castings  are  supplied. 

4.4. 1.1  Two  preproduction  castings  shall  be  furnished  to  the  purchaser  of  each 
part  number.  One  casting  shall  have  been  dimensionally  Inspected  by 
the  vendor  and  the  results  shall  be  forwarded  with  the  casting  for 
approval.  The  second  casting  shall  be  supplied  to  the  purchaser  for 
metallurgical  evaluation  In  accordance  with  4.2.3.  All  the  vendor 
results  obtained  to  substantiate  the  metallurgical  quality  of  the 
casting  shall  be  Included. 

4.4.2  Vendor  shall  document  the  parameters  for  the  control  factors  of  processing 
which  will  produce  acceptable  castings;  for  approval  of  sample  castings  of 
each  part  number.  These  shall  constitute  the  approved  casting  procedure 
snd  shall  be  used  for  producing  production  castings.  If  necessary  to  make 
any  change  in  parameters  for  the  control  factors  of  processing,  vendor 
shall  aubmft  for  reapproval  a  statement  of  the  proposed  changes  in  process” 
ing  and,  when  requested,  sample  test  specimens,  castings,  or  both.  Pro¬ 
duction  castings  incorporating  the  revised  operations  shall  not  be  shipped 
prior  to  receipt  of  written  reapproval. 

4. 4. 2.1  Control  factors  for  producing  castings  include,  but  are  not  limited  to 
the  following! 

Melting  practice  regarding  control  of: 

Chemistry 
Gas  content 
Melt  temperature 

Molding  procedure  regarding! 

Materials  and  assembly 
Gating  and  rleering  systems 
Solidification  rate  in  designated  areas 

Heat  treatment  practice  regarding: 

Temperature  and  time  parameters 
Load  density 
Quenching  procedure 


Shop  traveler  describing  the  sequence  of  processing,  inspection,  and 
testing. 
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]  4. 4. 2. 1.1  Any  of  the  above  control  factors  of  processing  for  which  parameters 

,j  are  considered  proprietary  by  the  vendor  aay  be  assigned  a  code  desig¬ 

nation.  Each  variation  in  auch  parameters  shall  be  assigned  a  modi- 
|  fled  code  designation. 

*  4.5  Reports : 

'I  4.5*1  The  vendor  of  castings  shall  furnish  with  each  shipment  three  copies  of 

a  report  ahovlng  the  results  of  testa  for  chemical  composition  from  each 

I  melt,  tensile  properties  of  attached  specimens  representing  each  casting 

and  specimens  cut  from  castings  if  applicable,  penetrant  and  radiographic 
l  inspections  of  each  casting  by  aerial  number,  and  when  required,  micro- 

<  structure  and  hardness  test  results  from  each  lot.  This  report  shall 

'  Include  the  purchase  order  number,  material  specification  number  and  Its 

revision  letter,  part  number,  and  quantity. 

i 

■  4.5.2  Tne  vendor  of  finished  or  aeai-f lnlshed  parts  shall  furnish  with  each 

shipment  three  copies  of  a  report  shoving  the  purchase  order  number, 
material  specification  number  and  its  revision  letter,  contractor  or 
other  direct  supplier  of  castings,  part  number,  and  quantity.  When  cast¬ 
ings  for  making  parts  are  purchased  by  the  parts  vendor,  that  vendor 
“  shall  inspect  each  lot  of  castings  to  determine  conformance  to  the  re- 

*  qulrements  of  this  specification,  and  ahall  include  in  the  report  a 

statement  that  the  castings  conform,  or  ahall  include  copies  of  labora¬ 
tory  reports  ahovlng  the  results  of  tests  to  determine  conformance. 
Castings  produced  by  the  parts  vendor  must  be  Inspected  in  accordance 
•;  with  4.2. 

i 

1  4.6  Resampling  and  Retesting: 

4.6.1  Attached  coupons 


j 


4. 6. 1.1  Retesting  of  the  Integrally  attached  coupon  la  permitted  vhen  an  isolated 
flav  is  evident  on  the  fracture  face  of  the  broken  tensile  specimen. 

4. 6. 1.2  Testing  la  required  of  an  Integrally  attached  chilled  test  coupon  after 
reheat  treatment.  The  replacement  specimen  shall  be  taken  from  an  addi¬ 
tional  coupon  which  has  remained  Integrally  attached  to  the  casting 
through  the  reheat  treat  process. 

4.6.2  Tensile  specimens  excised  from  the  casting. 

4. 6. 2.1  Replacement  of  tensile  specimens  shall  be  allowed  In  accordance  with 
ASTM  E8  for  poor  machining,  incorrect  test  procedure,  malfunction  of 
test  equipment  or  fracture  location. 

A. 6. 2. 2  Retesting  of  a  tensile  specimen  excised  from  the  castings  is  only 

permitted  vhen  the  fracture  face  indicates  an  Isolated  gas  hole,  or 
piece  of  foreign  material.  Retesting  shall  be  permitted  by  testing 
t vo  adjacent  specimens.  Should  it  not  be  possible  to  obtain  adjacent 
specimens,  or  if  a  replacement  specimen  also  falls,  then  two  additional 
castings  ahall  be  tested.  The  failure  of  a  tensile  specimen  in  s 
second  casting  shall  be  cause  to  consider  the  lot  of  castings  suspect 
and  the  purchaser  contneted  for  material  review  action.  All  castings 
shipped  and  In  process  since  the  last  acceptable  tensile  te«t  casting 
shall  be  reviewed  for  disposition. 
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4. 6. 2. 3  All  retest  tensile  specimens  shell  be  located  to  represent  as  nearly 
as  possible  the  quality  of  the  metal  of  the  original  test.  Isolated 
gas  holes  or  foreign  material  that  are  dlscemable  by  production 
radiography  may  be  avoided. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Identification;  Castings  shall  be  Identified  In  accordance  vixh  AMS  2804. 


5.2  Packaging : 

5.2.1  Castings  shall  be  prepared  for  shipment  in  accordsnce  with  commercial 
practice  and  In  compliance  with  applicable  rules  and  regulations  per¬ 
taining  to  the  handling,  packaging,  and  transportation  of  the  castings 
to  ensure  carrier  acceptance  and  safe  delivery.  Packaging  ahall  conform 
to  carrier  rules  and  regulations  applicable  to  the  mode  of  transportation. 

5.2.2  For  direct  U.S.  Military  procurement,  packaging  ahall  be  in  accordance 
with  MIL-STD-649 ,  Level  A  or  Level  C,  as  specified  In  the  request  for 
procurement.  Commercial  packaging  r  '■  in  5.1.1  will  be  acceptable  If  It 
meets  the  requirements  of  Level  C. 

6.  ACKNOWLEDGMENT ;  A  vendor  shall  mention  this  specification  number  and  It 6 
revision  letter  in  all  quotations  and  when  acknowledging  purchase  orders. 

7.  REJECTIONS ;  Castings  not  conforming  to  this  specification  or  to  authorized 
modifications  will  be  subject  to  rejection. 

8.  NOTES: 

8.1  Dimensions  and  properties  in  Inch/pound  units  are  primary;  dimensions  and 

properties  in  SI  units  are  shown  as  the  approximate  equivalents  of  the  Inch/ 
pound  units  and  are  not  to  be  construed  es  standard  for  castings  produced 
to  SI  dimensions. 
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TABLE  X. 

Max  1  sum  acceptance  defects  In  aluminum  alloy  casting*  (aaxlaua  permissible 
radiograph  in  accordance  with  ASTM  E15S) 

Defects  Kadlograph  Designated  Other 


Css  holes 

reference 

1.1 

Areas 

2 

Area* 

2 

Css  porosity  (round) 

1.21 

1 

3 

Gas  porosity  (elongated) 

1.22 

1 

3 

Shrinkage  cavity 

2.1 

1 

2 

Shrinkage  porosity  or  sponge 

2.2 

1 

2 

Foreign  material  (less  dense) 

3.11 

1 

2 

Foreign  material  (more  dense) 

3.12 

1 

2 

Segregation 

•  a  a 

none 

none 

Cracks 

•  mm 

none 

none 

Cold  shuts 

mam 

none 

none 

Laps 

•  mm 

none 

none 

NOTES : 

(1)  When  two  or  aore  types  of  defects  are  present  to  an  extent  equal  to  or  nr>t 
significantly  better  then  the  acceptance  standards  for  respective  defects, 
the  parts  shall  be  rejected. 

(2)  When  two  or  Bore  types  of  defects  are  present  and  the  predominating  defect 
la  not  significantly  better  Chan  the  acceptance  atandard,  the  part  shall  be 
considered  borderline. 

(3)  Borderline  castings  shall  be  reviewed  for  acceptance  or  rejection  by  the 
cognizant  procurement  personnel. 

(4)  Css  holes  or  sand  spots  and  inclusions  allowed  by  this  table  shall  be  cause 
for  rejection  when  closer  than  twice  their  maximum  dimension  to  an  edge  or 
extremity  of  a  casting. 
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>  ALUMINUM  ALLOT  CASTINGS ,  HAND  COMPOSITE 

4.7Cu  -  0.75Ag  -  0.35Mn  -  0.30MJ  -  0.22T1  (A201.0  -  T7) 

Solution  Treated  and  Overaged 

Structural  Aircraft  Quality 

1.  SCOPE 

1.1 .  Fort :  This  specification  covert  an  aluminum  alloy  In  the  fora  of  sand 
■  composite  molded  castings. 

1.2  Application;  Primarily  for  structural  aircraft  coaponenta. 

1.3  Preproduction  Qualification;  Tbe  foundry  supplying  castings  to  this 
specification  must  have  bees  pre-quallf led  by  the  purchaser  In  accordance 
with  A. 4. 

2.  APPLICABLE  DOCUMENTS;  The  following  publications  fora  a  part  of  this 
specification  to  the  extent  specified  herein.  Tbe  latest  of  Aerospace 
Material  Specif icatlona  (AMS)  shall  apply.  The  applicable  issue  of  other 
documents  shall  be  as  specified  in  AMS  2350. 

2.1  SAP  Publications;  Available  from  Society  of  Automotive  Engineers,  Inc., 

"iOO  Commonwealth  Drive,  Warrendale,  PA  15096. 

2 .1.1  Aeroapace  Material  Specifications: 

AMS  2350  -  Standards  and  Teat  Methods 

AMS  2360  -  loom  Temperature  Tensile  Properties  of  Castings 
AMS  2804  -  Identification  Castings 

2.2  ASTM  Publications;  Available  from  American  Society  for  Testing  and 
Materials,  1916  Race  Street,  Philadelphia,  PA  19103. 

ASTM  B557  -  Tension  Testing  Wrought  and  Cast  Aluminum  and  Magnesium 
Alloy 

ASTM  E18  -  Test  for  Rockwell  Hardness  and  Rockwell  Superficial  Hardness 

Metallic  Materlala 

ASTM  E34  -  Chemical  Analysis  of  Aluminum  and  Aluminum  Alloys 

ASTM  E155  -  Reference  Radiographa  for  Inspection  of  Aluminum  and  Mag¬ 
nesium  Castings,  Series  Ill 

ASTM  C44  -  Alternate  Immersion  Stress  Corrosion  Testing  in  3. 52  Sodium 

Clorlde  Solution 


2.J  Government  PubI lest  lone ;  Available  fro®  Commanding  Officer,  Waval  Publi¬ 
cations  and  Forms  Center,  5801  Tabor  Avenue,  Philadelphia,  PA  19120. 

2.3.1  Federal  Standards; 

Federal  Teat  Method  Standard  No.  151  -  Metals;  Teat  Method* 
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2.3.2  Military  Specifications: 

MIL-H-6088  -  Beat  Treatment  of  Aluminum  Alloys 
MIL- 1-68 6 6  -  Inspection,  Penetrant  Method  of 
M1L-I-251 35  -  Inspection  Materials,  Penetrant 

2.3.3  Military  Standards: 

MIL-STD-410  -  Qualification  of  Inspection  Personnel 

M3L-STD-649  -  Aluminum  and  Magnesium  Products,  Preparation  for  Shipment 
and  Storage 

MIL-STD-00453  -  Military  Standard  Inspection,  Radiographic 

MIL- STD- 1537  -  Electrical  Conductivity  Test  for  Measurement  of  Heat 

Treatment  of  Aluminum  Alloys,  Eddy  Current  Method 

3.  TECHNICAL  REQUIREMENTS 

3.1  Composition:  Shall  conform  to  the  following  percentages  by  weight,  deter¬ 
mined  by  wet  chemical  methods  in  accordance  with  A  STM  E34,  by  apectrographlc. 
methods  In  accordance  with  Federal  Test  Method  Standard  No.  151,  Method 
112,  or  by  other  approved  analytical  methods  approved  by  purchaser: 


Tolerance  For 

Foundry  Melt 

Casting 

Analysis 

Analysis 

• 

under  over 

■tin. 

max. 

min.  max. 

Copper 

4.5 

5.0 

0.5  0.5 

Silver 

0.5 

1.0 

-  - 

Manganese 

0.20 

0.50 

Magnesium 

0.25 

0.35 

0.05  0.05 

Titanium 

0.15 

0.35 

Iron 

0.05 

- 

Silicon 

- 

0.05 

Other  Impurities, 

each 

- 

0.05 

- 

Other  Impurities, 

total 

- 

0.15 

- 

Aluminum 

remainder 

remainder 

3*2  Condition:  Solution  and  precipitation  heat  treated . (overaged) . 

3.3  Casting :  Castings  shall  be  produced  from  metal  conforming  to  3.1. 

3.3.1  A  melt  shall  be  a  single  homogenous  batch  of  molten  metal  to  which  all 
processing  has  been  completed  and  the  temperature  has  bfen  adjusted  ready 
for  pouring  castings. 

3.3.2  A  lot  of  castings  shall  be  all  castings  poured  from  a  single  melt  in  not 
more  than  eight  consecutive  hours  and  solution  and  precipitation  heat 
treated  In  the  same  heat  treat  batch.. 
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3.4  Chemical  Analysis  Specimens:  Shall  be  east  from  each  melt. 

3.5  Integral  Attached  Coupons:  Each  casting  will  have  a  minimum  of  2  Integrally 
attached  teat  coupons.  The  second  coupon  shall  be  left  attached  and  only 
used  in  the  event  that  reheat  treataent  la  necessary. 

3.6  Heat  Treataent :  Castings  and  integrally  attached  test  coupons  shall 

fee  solution  and  precipitation  heat  treated  in  accordance  with  M1L-B-6088 
except  as  otherwise  apeclfied  herein. 

3.6.1  All  castings  and  Integrally  attached  test  coupons  shall  be  solution  heat 
treated  and  overaged  in  such  s  wanner  as  to  ensure  conformance  to  the 
requirements  of  3.7.  A  step  solution  treataent  of  945-965F  for  2  hours 
alnlnua  then  stepped  up  to  970-990 F  for  14  hours  minimum  is  recommended. 

An  aging  treatment  at  365-375F  (185-191C)  for  a  ainiaum  period  of  5  hours  Is 
required. 

3.6.2  The  Integrally  attached  test  coupons  shall  reaain  attached  to  the  casting 
until  removed  by  an  approved  test  facility  of  the  purchaser  which  Is  in¬ 
dependent  of  the  foundry. 

3.7  Properties:  Castings  and  integrally  attached  test  coupons  shall  conform 
to  the  following  requirements: 

3.7.1  Tensile  Properties:  Shall  be  as  follows,  determined  in  accordance  with 
ASTM  B557  and  shall  be  used  as  basis  for  acceptance  of  castings. 

3.7. 1.1  Integrally  Attached  Test  Coupons; 

Tensile  Strength,  min.  62 

Yield  Strength  at  0.22  OffBet,  min.  55 

Elongation,  min.  52 

3.7. 1.2  Specimens  Cut  from  Castings:  Tensile  properties  of  specimens  cut  from 
the  casting  shall  be  as  follows: 

3.7. 1.2.1  Designated  Casting  Areas: 

Tensile  Strength,  ain.  60 

Yield  Strength  at  0.22  Offset,  min.  50 

Elongation,  min.  32 

3. 7. 1.2. 2  Casting  areas  other  than  designated  areas: 

Tensile  Strength,  min.  56 

Yield  Strength  at  0.22  Offset,  min.  48 

Elongation,  min.  22 

3. 7. 1.2. 3  When  properties  other  the->  those  of  3. 7. 1.2.1  or  3.7.1,?.?  are  re- 

*  1  1.  v.  |  i  l  ■ .  £■  a  *  V  wtc-w  i  ,  t.  v.  a  I  lib  tchcl)  It  0».»  IwvUbi  Oi'iS  ilnliboU'u  Oi»  L  Ut 

drawing,  from  a  casting  chosen  at  random  to  represent  the  lot, 

shall  have  the  properties  indicated  on  the  drawing  for  6uch  specimens. 

Property  requirements  may  be  designated  in  accordance  with  AMS  2360. 

3.7.2  Hardness  of  Castings:  Castings,  should  have  hardness  of  HRB  minimum,  70 

determined  in  accordance  with  ASTM  E18,  but  costings  shall  not  be  rejected 
only  on  the  basis  of  hardness. 


*  M 


H 


^■1 
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3.7.3  Electrical  Conductivity:  Casting  shall  exhibit  a  Minimum  electrical 

conductivity  of  TTSTTaCS  as  determined  by  the  procedure  of  MIL-STD-1537. 


3.7.4 


Stress-Corrosion  Resistance?  A  specimen  as  in  4.3.5,  cut  from  the  designs- 
ted  area  of  the  casting  or  an  attached  coupon  shall  show  no  evidence  of 
stress  corrosion  cracking  when  tested  for  a  period  of  30  days  in  accordance 
with  ASTM  G44  at  a  stress  of  75Z  of  the  specified  minimum  yield  Btrength. 


3.8  Quality 


3.8.1 


Castings  as  received  by  purchaser,  shall  be  uniform  in  quality  and  con¬ 
dition,  sound,  and  free  from  foreign  materials  and  from  internal  and 
external  imperfections  detrimental  to  usage  of  the  castings. 


3. 8. 1.1  Castings  shall  have  a  surface  finish  in  accordance  with  engineering 
drawing  and  HAS  823  and  shall  be  well  cleaned. 


3.8.2 


Castings  shall  be  produced  under  foundry  control.  ThiB  control  shall 
consist  of  pre-production  examination  of  castings  until  proper  foundry 
technique  and  controls  are  established  which  will  produce  castings  that 
will  meet  the  drawing  quality  and  dimensional  requirements. 


3.8.3 


Radiographic  inspection  shall  be  performed  in  accordance  with  MIL-STD- 
00453.  In  addition.  Type  1  radiographic  film  shall  be  used,  and  a 
maximum  unsharpness  value  of  0.003  inch  (0.08  mm)  and  flaw  sensitivity 
of  12  shall  be  maintained.  ASTM  E155  shall  be  used  to  define  radio- 
graphic  acceptance  standards  in  accordance  with  Table  1. 


3.8.4 


Castings  shall  be  subjected  to  fluorescent  penetrant  inspection  in 
accordance  with  MIL-I-6866. 


3.8.4. 1 


The  fluoresent  penetrant  6hall  have  a  sensitivity  level  equivalent  to 
group  V  of  MIL- 1-25135. 


3. 8. 4. 2 


Personnel  conducting  the  testing  Bhall  be  qualified  and  certified  in 
accoi dance  with  the  requirements  of  MIL-STD-410. 


3. 8. 4. 3 


Lines.'  indications,  cold  shuts,  cracks,  and  seams  are  cause  for 
rejection. 


3. 8. 4. 4 


Surface  porosity  is  cause  for  rejection  if  the  individual  pores  are 
closer  than  twice  their  maximum  dimension  to  an  edge  or  extremity  of 
the  casting  or  the  pores  form  a  linear  indication;  i.e.,  three  cr 
more  are  in  a  line  and  the  distance  between  each  indication  is  less 
than  twice  the  maximum  dimension  of  either  adjacent  indication. 


3. 8. 4. 5 


Any  Individual  indication  which  is  three  times  longer  than  it  is 
wide  shall  be  considered  a  linear  indication  and  shall  be  cause  for 


3.8.5 


Castings  shall  not  be  repaired  by  peening,  plugging,  welding,  or  other 
methods,  except  as  defined  in  3.8.5, 1. 


3.8.5. 1 


Defects  in  the  nondesignated  areas  of  the  casting  may  be  removed  and  the 
castings  repaired  by  welding  in  accordance  with  AMS  2694  and  using  A201 
alloy  filler  metal.  Final  heat  treatment  and  inspection  shall  be  per¬ 
formed  after  the  welding  has  been  completed. 
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3.8.6  Castings  shall  not  be  Impregnated,  chemically  treated,  or  coated  to 
prevent  leakage,  unless  specified  or  allowed  by  written  permission  of 
purchaser,  designating  the  method  to  be  used. 

3.9  Marking 

3.9.1  Each  casting  shall  be  Identified  by  legible  raised  figures  with  part 
number,  foundry  Identification,  and  serial  number  In  the  area  Indicated 

-  on  the  engineering  drawing.  The  serial  number  shall  be  used  only  once 
to  provide  traceability  to  the  proceaalng  of  a  particular  part. 

3.9.2  Each  casting  accepted  by  radiographic  Inspection  shall  be  Ink  stamped  in 
accordance  with  MIL-STD-00453. 

3.9.3  Each  casting  accepted  by  penetrant  Inspection  shall  be  Ink  stamped  in 
accordance  with  MIL-I-6866. 

3.9.4  Integrally  attached  test  coupons  or  prolongations  shall  be  Identified  by 
a  vlbroetched  serial  number  corresponding  with  the  casting  serial  number. 

3.9.5  Castings  and  the  accompanying  reports  shall  identify  the  heat  treat 
batch  and  melt  number  to  the  individual  casting  through  the  serial  number, 

3.9.6  When  impregnation  la  specified  or  permitted  by  purchaser,  castings  shall  be 
marked  IMF  by  ink  stamp. 

4.  QUALITY  ASSURANCE  PROVISIONS: 

4.1  Responsibility  for  Inspection:  The  vendor  of  castings  shall  be  reepondl- 
hle  for  Obtaining'  all  required  teats  at  the  purchaser's  approved  facilities. 

The  removal  and  testing  of  tensile  specimens  from  castings  per  3. 7. 1.2  shall 
be  performed  at  an  approved  facility  Independent  of  the  foundry.  Results  of 
such  tests  shall  be  reported  to  the  purchaser  as  raqulrad  by  4.5.  Purchaser 
reserves  the  right  to  perform  such  confirmatory  testing  as  he  deems  necessary 
to  ensure  that  the  castings  conform  tc  the  requirements  of  this  specification. 

4.2  Classification  of  Tests: 

4.2.1  Acceptance  Tests:  Tests  to  determine  conformance  to  requirements  for 
composition  (3.1) ,  tensile  properties  of  Integrally  attached  teat  coupons 
(3, 7. 1.1),  tensile  properties  of  specimens  cut  from  castings  (3. 7. 1.2), 
electrical  conductivity  (3.7.3)  and  quality  (3.8)  are  classified  as 
acceptance  teats  and  ahall  be  performed  on  each  casting,  melt,  or  lot  as 
applicable. 

4.2.2  Periodic  Testa:  Tests  to  determine  conformance  to  requirements  for  hard- 
acss  (3.7.2)  and  stress-corrosion  resistance  (3.7.4)  are  classified  as 
periodic  tests  and  shall  be  performed  at  a  frequency  selected  by  the  vendor 
unless  frequency  of  testing  is  specified  by  purchaser.  The  frequency  of 
testing  specimens  excised  from  castings  is  defined  In  4.3.4. 

4.2.3  Preproduction  Tests i  Tests  to  determine  conformance  to  all  technical 
requirements  of  this  specification  are  classified  as  preproduction 
tests  and  shall  be  performed  on  the  f Irst-artlcle  shipment  of  castings 
to  s  purchaser,  when  a  change  In  material  cr  processing  requires  re¬ 
approval,  as  in  4.4,  and  when  purchaser  deems  confirmatory  testing  la 
required. 
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4.2 <3.1  For  direct  U.S.  Military  procurement,  substantiating  test  data  and, 

when  requested,  preproduction  teat  material  shall  be  submitted  to  the 
cognizant  agency  as  directed  by  the  procuring  activity,  the  contract¬ 
ing  officer,  or  the  request  for  procurement. 

4.3  Sampling:  Shall  be  in  accordance  with  the  following: 

4.3.1  One  chemical  analysis  from  each  melt  or  one  chemical  analysle  from  each  of 
two  castings  in  each  lot. 

4.3.2  Each  casting  shall  be  radiographically  and  fluorescent  penetrant  Inspected. 

4.3.3  The  electrical  conductivity  of  an  Integrally  attached  teat  coupon  of  each 
casting  shall  be  determined. 

4.3.4  The  destructive  testing  of  castings  for  the  evaluetlon  of  excised  tensile 
specimen  shall  occur  at  the  following  frequency: 

4. 3. 4.1  First  30  Castings  Received:  One  casting  of  each  10  shall  be  selected 
for  destructive  testing. 

4. 3. 4. 2  Castings  Received  Thereafter:  If  no  failure  occurs  in  4. 3. 4.1,  one 
casting  in  each  25  consectively  received  there  after  ahall  be  tested. 

If  a  failure  occurs,  the  test  frequency  reverts  to  one  in  each  10  for 
the  next  30  castings  received. 

4. 3. 4. 3  Specimens  shall  conform  to  ASTM  B557  and  ahall  be  either  0.500  in. 

(12.75  am)  diameter  at  the  reduced  gauge  section  or  aubslze  specimens 
proportional  to  the  standard  round  or  standard  sheet  type  specimens. 

4. 3. 4. 4  The  tensile  properties  of  an  integrally  attached  teat  coupon  from  aach 
casting  shall  be  determined.  Removal  of  the  attached  coupon  shall  only 
be  performed  by  an  approved  test  facility  or  the  purchaser. 

4.3.5  Specimens  for  stress-corrosion  tests  shall  be  round  test  specimens,  not 
less  than  0.250  in  diameter  In  the  reduced  section.  Whenever  practi¬ 
cable,  specimens  ahall  be  taken  from  the  designated  areas  of  the  casting 
as  shown  on  the  engineering  drawing.  (Specimen#  from  Integrally  attached 
teat  coupons  are  acceptable  If  alee  of  the  casting  does  not  permit  exci¬ 
sion  of  0.250  diameter  specimen.) 

4.4  Preproduction  Approval; 

4.4.1  Sample  castings  from  new  or  reworked  patterns  shall  be  approved  by  pur¬ 
chaser  before  castings  for  production  use  are  supplied. 

4.4. 1.1  Two  preproduction  castings  shsll  be  furnished  to  the  purchaser.  One 
casting  shall  have  been  dimensionally  inspected  by  the  vendor  and  the 
results  shall  be  forwarded  with  the  casting  for  approval*  The  second 
casting  shall  be  for  metallurgical  evaluation  by  the  purchaser.  All 
the  vendor  results  obtained  to  substantiate  the  metallurgical  quality 
of  the  casting  shall  be  included. 

4.4.2  Vendor  shsll  document  the  parameters  for  the  control  factors  of  processing 
which  will  produce  acceptable  castings;  these  shall  constitute  the 
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approved  casting  procedure  sad  shall  be  uaed  for  producing  production 
castings.  If  necessary  to  sake  an;  change  in  parameters  for  the  control 
factors  of  processing,  vendor  shall  subsit  for  reapproval  a  statement  of 
the  proposed  changes  In  processing  and,  when  requested,  sample  test 
specimens,  castings,  or  both.  Production  castings  incorporating  the 
revised  operations  shall  not  be  shipped  prior  to  receipt  of  written 
reapproval. 

4.4. 2.1  Control  factors  for  producing  castings  Include,  but  ere  not  United  to 
the  following: 

Melting  practice  regarding  control  of: 

Chemistry 
Gas  content 
Crain  alee 
Melt  temperature 

Molding  procedure  regarding: 

Materials  and  assembly 
Gating  and  rleering  systems 

Rest  treatment  practice  regarding: 

Temperature  and  time  parameters 
Load  density 
Quenching  procedure 

Shop  traveler  describing  the  sequence  of  processing,  inspection,  and 
testing. 

4. 4. 2. 1.1  Any  of  the  above  control  factors  of  processing  for  which  parameters 
are  considered  proprietary  by  the  vendor  may  be  assigned  a  code  desig¬ 
nation.  Each  variation  in  such  parameters  shall  be  assigned  a  modi- 

'  fled  code  designation. 


4.5  Reports: 


4.5.1  The  vendor  of  castings  shall  furnish  with  each  shipment  three  copies  of 
s  report  shoving  the  results  of  tests  for  chemical  composition  from  each 
melt,  tensile  properties  of  attached  specimens  representing  each  casting; 
penetrant  and  radiographic  inspection  of  each  casting  by  serial  number  and 
specimens  cut  from  casting  If  applicable.  This  report  shall  include  the 
purchase  order  number,  lot  number,  material  specification  number  and  its 
revision  letter,  part  number,  and  quantity. 


4.5.2  The  vendor  of  finished  or  meml-flnlshed  parts  shall  furnish  with  each 
shipment  three  copies  of  a  repore  showing  the  purchase  order  number, 
material  specification  number  and  its  revision  letter,  contractor  or 
other  direct  supplier  of  castings,  part  number,  and  quantity.  When  cast¬ 
ings  for  making  parts  are  purchased  by  the  parts  vendor,  that  vendor 
shall  Inspect  each  lot  of  castings  to  determine  conformance  to  the  re¬ 
quirements  of  this  specification,  and  shall  include  in  the  report  a 
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statement  Chat  the  castings  conform,  or  shall  Include  copies  of  labora¬ 
tory  reports  shoving  the  results  of  testa  to  determine  conformance. 

Castings  produced  by  the  parts  vendor  must  be  Inspected  In  accordance 
with  4.1. 

4.6  Resampling  and  Retesting; 

4.6.1  Attached  coupons 

4.6. 1.1  Retesting  of  the  integrally  attached  coupon  a*  permitted  when  an  Isolated 
flaw  la  evident  on  the  fracture  face  of  the  broken  tensile  specimen,  t  re  ‘ 

4. 6. 1.2  Testing  Is  required  of  an  Integrally  attached  test  coupons  after  reheat. .ie 
treatment.  The  replacement  specimen  shall  be  taken  from  the  second 
coupon  which  has  remained  integrally  attached  to  the  casting  through  the 
reheat. treat  process. 

4.6.2  Tensile  specimens  excised  from,  the  casting. 

4. 6. 2.1  Replacement  of  tensile  specimens  shall  be  allowed  in  accordance  with 
ASTM  BS57  for  poor  machining,  Incorrect  test  procedure,  malfunction  of 
test  equipment  or  fracture  location. 

4. 6. 2. 2  Retesting  of  s  tensile  specimen  excised  from  the  castings  is  only 
permitted  when  the  fracture  face  indicates  an  Isolated  gas  hole,  or 
piece  of  foreign  material.  Retesting  shall  be  permitted  by  testing 
two  adjacent  specimens.  Should  It  not  be  possible  to  obtain  adjacent 
specimens,  or  If  a  replacement  specimen  also  falls,  then  two  additional 
castings  shall  be  tested.  The  failure  of  a  tensile  specimen  In  s 
second  casting  shall  be  cause  to  consider  the  lot  of  castings  suspect 
and  the  purchaser  contacted  for  material  review  action.  All  castings 
shipped  and  In  process  since  the  last  acceptable  tensile  test  casting 
shall  be  reviewed  for  disposition. 

4. 6. 2. 3  All  retest  tensile  specimens  shall  be  located  to  represent  as  nearly 
as  possible  the  quality  of  the  metal  of  the  original  test.  Isolated 
flaws  that  are  discernible  by  production  radiography  may  be  avoided. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Identification:  Castings,  shall  be  Identified  in  accordance  with  AMS  2804. 


5.2  Packaging: 

5.2.1  Castings  ahall  be  prepared  for  shipment  in  accordance  vlth  commercial 
practice  and  In  compliance  with  applicable  rules  and  regulations  per¬ 
taining  to  the  handling,  packaging,  and  transportation  of  the  castings 
to  ensure  carrier  acceptance  and  safe  delivery.  Packaging  shall  conform 
to  carrier  rules  and  regulations  applicable  to  the  mode  of  transportation. 

5.2.2  For  direct  O.S.  Military  procurement,  packaging  shall  be  In  accordance 
with  M1L-STD-649,  Level  A  or  Level  C,  as  specified  in  the  request  for 
procurement.  Commercial  packaging  aa  in  5.2.1  will  be  acceptable  if  it 
meets  the  requirements  of  Level  C. 
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6.  ACKNOWLEDGMENT :  A  vendor  ahall  Mention  this  specification  number  and  Its 
revision  letter  In  all  quotations  and  when  acknowledging  purchase  orders. 

7.  REJECTIONS:  Castings  not  conforming  to  this  specification  or  to  authorised 
Modifications  will  be  subject  to  rejection. 

1.  MOTES: 

C.l  Dimensions  and  properties  In  lach/pound  units  are  primary;  dimensions  and 

properties  In  SI  units  are  shown  as  the  approximate  equivalents  of  the  Inch/ 
pound  units  and  are  not  to  be  construed  as  standard  for  castings  produced 
to  SI  dimensions. 

8.2  Porosity  on  the  surface  of  the  stress  corrosion  specimen  may  accelerate 

corrosion  due  to  entrapment  of  the  saline  solution  and  result  In  premature 
failure. 


TABLE  X. 

Maximum  acceptance  defects  In  aluminum  alloy  castings  (maximum  permissible 
radiograph  in  accordance  with  ASTM  E15S) 


MOTES: 

(1) 


Defects 

Radiograph 

reference 

Designated 

Areas 

Other 

Areas 

Gas  holes 

1.1 

1 

2 

Gas  porosity  (round) 

1.21 

1 

3 

Gas  porosity  (elongated) 

1.22 

1 

3 

Shrinkage  cavity 

2.1 

1 

2 

Shrinkage  porosity  or  sponge 

2.2 

1 

2 

Foreign  material  (less  dense) 

3.11 

1 

2 

Foreign  material  (more  dense) 

3.12 

1 

2 

Segregation 

•  •  • 

cone 

none 

Cracks 

•  •  • 

none 

none 

Cold  shuts 

•  •  a 

none 

none 

Laps 

•  •  a 

pone 

none 

When  two  or  more  types  of  defects  are  present  to  an  extent  equal  to  or  not 
significantly  better  than  Che  acceptance  standards  for  respective  defects, 
the  parts  ahall  be  rejected. 


(2)  When  two  or  more  types  of  defects  are  present  end  the  predominating  defect 
is  not  significantly  better  than  the  acceptance  standard,  the  part  shall  be 
considered  borderline. 

(3)  Borderline  eastings  shall  be  reviewed  for  acceptance  or  rejection  by  the 
cognisant  procurement  personnel. 

(4)  Gas  holes  or  sand  spots  and  inclusions  allowed  by  this  table  shall  be  cause 
for  rejection  when  closer  than  twice  their  maximum  dimension  to  an  edge  or 
extremity  of  a  casting. 
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SETERMI NATION  AND  ACCEPTANCE  OF  DENDRITE  ARM  SPACING  IN  ALUMINUM  CASTINGS 
i  1.  SCOPE 

1.1  This  specification  establishes  a  non-destructive  test  procedure  to  evaluate 
the  dendrite  arc  spacing  (D AS)  of  A356  and  A357  aluadnua  castings. 

* 

2.  APPLICABLE  DOCUMENTS 


This  section  le  not  applicable  to  this  specification. 

3.  technical  requirements 

3.1  Equipment 

3.1.1  Portable  Polishing  Unit,  Max  Erb  Instrument  Co. 

Transpol,  or  equivalent 

3.1.2  Electropolishing  Unit,  Max  Erb  Instrument  Co. 

Movipol,  or  equivalent 

3.1.3  Microstructure  Replicating  .  Max  Erb  Instrument  Co. 

•  Unit,  Transcopy,  or 

equivalent 


3.1.4  Light  Microscope  with  Camera  Commercial 

Attachment 


3.1.5  Paper,  Abrasive,  100  to  Commercial 

600  Crit 


3,2  TEST  PROCEDURE 


3.2.1  Mlcrostructure  Acceptance  Criteria  Determination 

3. 2. 1.1  Testing  of  Integrally  attached  coupons. 

3. 2. 1.1.1  Two  attached  coupons  shall  be  evaluated  which  represent  a  significant 
difference  in  dendrite  arm  spacing  (DAS). 

3. 2. 1.2  The  DAS  and  ultimate  tensile  strength  (UTS)  of  each  coupon  shall  be 
determined. 

3. 2. 1.3  The  maximum  DAS  acceptable  shall  be  determined  in  the  following  manner: 

DASmx  -/i>AS2  “  DAS]  \(1JTS1  -  UTS3)  +  DAS] 

\  UTS]  -  UTS2/ 
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Where: 

DASmuv  -  Maximum  site  DAS  mccmptmble  to  meet  minimum  UniUt 
properties  (1  x  10~4  Inches) 

UTS}  -  Ultimate  tensile  strength  of  coupon  with  smallest  DAS  (Ksl) 

UTS 2  “  Ultimate  tensile  strength  of  coupon  with  largest  DAS  (Ksl) 

UTS 3  »  Ultimate  tensile  strength  minimum  required  (Ksl) 

DAS}  -  Site  of  DAS  of  coupon  with  amsllesl  structure 
(1  x  10~4  inches) 

DAS2  ■  Site  of  DAS  of  coupon  with  lsrgest  structure 
(lx  10“4  Inches) 

3.2.2  Casting  Examination  for  Acceptsnce 

3. 2. 2.1  The  DAS  shall  be  determined  on  the  casting  surface  at  each  test  location 
shown  on  the  casting  drawing.  When  test  locations  are  not  shown  on  the 
casting  drawing,  areas  selected  for  the  excision  of  tensile  coupons  shall 
be  used. 

3. 2. 2. 2  The  DAS  In  all  test  locations  shall  be  equal  or  less  than  the  maximum 
acceptable  else  determined  in  3.2.1. 

3.2.3  DAS  Test  Procedure 


3.2.3. 1  Prepoll ihlng 

3.2.3.1 «1  Test  locations  shall  be  prepolished  by  equipment  of  3.1.1  and  100  grit 
paper  followed  by  400  or  600  grit  paper. 

3. 2*3. 1.2  Prepolishing  shall  be  sufficient  to  produce  an  outline  of  the  secondary 
arm  structure  after  etching. 

3. 2. 1.3  Material  removal  during  polishing  shall  not  exceed  0.005  Inch  thickness. 

3. 2 .3. 2  Electropolishing  and  Electroetchlng 

3. 2. 3. 2.1  Prepolished  test  locations  shall  be  electropollshed  and  electroetched 
using  Movlpol  electropolisher  or  equivalent  approved  by  the  Contractor. 

3. 2. 3. 2. 2  The  recommended  polishing  and  etching  solution  when  using  Movlpol  is 
as  follows: 


Distilled  Water 
Tartaric  Acid 
Ethyl  Alcohol 
Butyl  Cellosolve 
Perchloric  Acid 
(60  percent) 


120  millilitres  (ml) 
50  grams 
100  ml  * 

100  ml 

78  ml 


3. 2. 3. 2. 3  When  using  Movlpol,  the  recommended  current  density  Is  0.2  to  0.4  ampere 
the  etching  time  Is  3  to  4  seconds. 
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3. 2. 3. 3.1  The  micro* tructuraa  of  electroetchad  locations  shall  be  transferred  to  s 
replica  plate  provided  in  the  Tran* copy  kit,  follow! tig  the  procedure 
described  Id  the  supplier's  literature. 


3. 2. 3. 3. 2  Any  other  aethod  of  mlcroatrueture  replication,  such  aa  replicating  tape, 
shall  be  approved  by  the  Contractor. 


J.2. 3. 3. 3  The  replica  plates  shall  be  Individually  identified  by  tsat  location  and 

placed  within  an  envelope  which  identifies  the  teat  easting  represented  by 
the  replicas. 


3. 2. 3. 3. 4  Microstructure  shall  clearly  distinguish  the  secondary  an  spacing  from 

the  casting  surface.  Improper  polishing,  under etching,  or  overetching  can 
produce  a  misleading  microstructure. 


3. 2. 3. 3. 5  If  the  microstructure  la  improperly  polished,  underetched,  or  overetched, 
the  teat  location  shall  be  repolished  very  lightly  using  400  to  600  grit 
paper,  re-electropoliahed  and  re-electroetched.  The  current  density  and 
etching  tine  shall  be  established.  Undcretched  locations  shall  not  he 
re-electroetched  without  repolishing. 


3. 2. 3. 3. 6  The  teat  casting  shall  be  rinsed  in  running  water  to  remove  the  etching 
solution  after  the  examination  has  been  completed. 


3. 2. 3. 4  Photogrsphic  Reproduction 

3. 2. 3. 4.1  A  photographic  reproduction  shall  be  made  St  a  magnification  of  100X  in 
the  area  which  most  clearly  defines  the  general  microstructure. 


3. 2. 3. 4. 2  Areas  selected  for  evaluation  shall  be  identified  either  directly  on  the 
photograph  or  on  a  copy  of  the  photograph. 


3. 2. 3. 3  Microstructure  Evaluation 

3. 2. 3. 5.1  Either  of  two  methods  of  evaluation  are  acceptable;  however,  the  measure¬ 
ment  of  clearly  defined  secondary  dendrite  arm  spacing  (DAS)  is  preferred. 
When  this  is  not  possible,  the  alternate  procedure  of  measuring  the 
distance  between  ailicon  particles  located  in  a  random  manner  along  a 
single  line  shall  be  used.  The  measurement  of  DAS  is  possible  if  the 
microstructure  of  Figure  1  is  obtained;  however,  if  the  microstructure 
of  Figure  2  is  obtained,  then  the  alternate  procedure  is  necessary. 

3. 2*3. 5.2  All  measurements  used  in  the  evaluation  of  a  casting  for  acceptability 
•hall  be  made  by  the  same  aethod. 

3. 2. 3. 5. 3  Preferred  Measurement  Method;  Extend  a  straight  line  across  an  area  of 
well  define  structure  such  ~ms  illustrated  in  Figure  1.  The  line  is  drawn 
perpendicular  to  the  growth  direction  of  the  secondary  arms.  The  average 
distance  between  intercepts  of  silicon  particles  along  the  line  shell  be 
used  to  define  the  DAS  of  the  structure.  By  measuring  the  total  length 
of  drawn  line  and  counting  the  number  of  interceptions,  the  average  DAS 
value  can  be  determined  in  the  following  manner: 


DAS,  Inches: 


Length  of  Intercept  Line  (inches)  x _ 1 _ 

Number  ©f  Interceptions  Magnification 
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3. 2. 3. 5. 3.1  At  least  two  areas  of  the  mlcroatructure  shall  he  evaluated.  The 
average  value  of  the  two  areas  ahall  be  referred  as  the  DAS  of  that 
test  site. 

3.2. 3. 5. 4  Alternate  Measurement  Method  -  This  alternate  procedure  consists  of 
drawing  a  straight  line  of  known  length  across  the  alcrostructure  and 
counting  the  number  of  times  the  line  la  Intercepted  by  silicon  parti¬ 
cles  (see  Figure  2).  The  everege  distance  between  silicon  particles 
Is  then  used  to  quantify  the  structure.  Particle  intercept  distance 
(FID)  is  determined  by  the  following: 

FID,  Inches  •  Length  of  Intercept  Line  (Inches)  a  1 

Number  of  Intercepts  Magnif Ication 

3. 2. 3. 5. 5  At  least  two  lines  shell  be  drawn  which  vary  in  their  orientation  to 
each  other  as  much  as  prictlcal.  The  average  P1D  of  the  two  lines 
ahall  be  reported. 

3. 2. 3. 5. 6  In  other  sections  of  this  specification,  FID  may  be  Interchanged  with 
DAS  without  changing  the  technical  Intent  of  this  specification. 

4.  quality  assurance  provisions 

4.1  Responsibility  for  Inspection:  The  testing  facility  shall  be  surveyed  and 
approved  by  the  casting  purchaser.  The  test  facility  ahall  be  responsible 
for  the  determination  of  an  average  measurement  value  from  each  test  aite. 

4.2  Teat  Reports 

4.2.1  The  test  results  ahall  be  itemized  as  average  values  from  each  test  site 
on  the  casting  or  Integrally  attached  test  coupon. 

4.2.2  A  photograph  or  copy  of  the  photograph  of  the  microstructure  at  each  test 
site  shall  be  reported  which  dearly  delineates  the  lines  drawn  for  micro- 
structure  measurements. 

4.2.3  The  test  laboratory  ahall  maintain  on  file  for  a  minimum  period  of  90  days 
the  replica  plate  or  tape  used  In  the  evaluation. 

5.  PREPARATION  FOR  DELIVERY:  Not  applicable. 

6.  Acknowledgement:  A  vendor  ahall  mention  this  specification  number  and  its 
revision  letter  In  all  quotations  and  when  acknowledging  purchase  order. 

¥ 

7.  REJECTIONS:  Not  applicable. 

8.  NOTES 

8.1  Suppliers  may  obtain  information  pertaining  to,  or  additional  copies  of, 
this  specification  by  applying  to  the  purchaser. 
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